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Abstract 
Health effect of dietary trans fdAXy acids in human is controversial. Trans 
fatty acids refer to a large assortment of geometric fatty acid isomers formed 
during manufacture of partially hydrogenated vegetable oils ^PHVO), which are 
commonly used in margarine, shortening, salad oil, cooking oil and a variety of 
other commercial food products. The present study was: 1) to determine the trans 
fatty acids in Hong Kong fast foods; 2) to monitor the current level of trans fatty 
acids in breast milk of Hong Kong Chinese relative to that of Chongqing Chinese 
and Canadian; 3) to study the metabolic fate of trans fatty acids in milk and their 
effect on essential fatty acid metabolism during fetaVneonatal development; 4) to 
determine the minimum linoleic acid (18:2n-6) required to suppress the 
biosynthesis of20:4t isomers in both neonatal and matemal rats; and 5) to study 
the accumulation, turnover, and apparent oxidation of 18:1 trans (18:lt) and 18:2 
trans (18:2t) isomers relative to their corresponding cis fatty acids. 
The results showed that a large amount of trans fatty acids was present in 
Hong Kong fast foods. The fatty acid analysis demonstrated that the level of trans 
fatty acids in breast miUc ofHong Kong Chinese was significantly higher than that 
of Chongqing Chinese but it was lower than that of Canadian, suggesting that the 
diets in Hong Kong population were partially westernized. 
The present study confirmed the inhibitory effect of dietary trans fatty 
acids on essential fatty acid metabolism during fetaL^neonatal development. 
Dietary trans fatty acids decreased the level ofarachidonic acid (20:4n-6) in milk 
and liver phospholipids of rats fed the diets containing partially hydrogenated 
canola oil. In addition, 18:2A9c,12t and 18:2A9c,13t not only inhibit the 
ii 
biosynthesis of 20:4n-6 but also can be desaturated and elongated to form two 
unusual 20:4 trans isomers (20:4t) with unknown biological functions. It was 
found that 2.0% and 2.5% 18:2n-6 as total energy are required to completely block 
the production of these two isomers in the liver of matemal and neonatal rats, 
respectively. 
Trans fatty acids behave in many ways differently from cis fatty acids. 
The fatty acid balance study revealed that 18:lt and 18:2t isomers oxidized faster 
than their cis counterparts. The analysis of neonatal liver at term and brain at 
varying stage of lactation further proved that trans fatty acids could partially 
across the placenta and incorporate in brain of growing rats. Jn view of these 
findings, it is suggested that excessive intake of trans fatty acids be avoided 
during pregnancy, lactation and infancy. 
iii 
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Chapter 1 Literature review 
1.1 Historical background 
Fats and oils, which consist of mainly triacylglycerol, are one of the 
essential components in human diet. Fats usually refer to the solid or semi-solid 
triacylglycerol, whereas oils remain liquid at room temperature. Animal fats such 
as lard and tallow were the major sources of fats in the early decade of this century. 
However, the awareness of health concem of intake of fat and oil has been raised 
since the middle of this century. The Seven Countries study (Keys, 1980) and 
Westem Electric study (Shekelle et al., 1981) showed that mortality from coronary 
u 
heart disease was highly correlated with the intake of saturated fat and cholesterol 
both of which are abundant in animal fats. These striking findings imposed great 
impact on the use of visible fats in food industries and the dietary habits of 
consumers because animal fats were widely used in food processing at that time. It 
was therefore recommended to use vegetable oils which contain less saturated fat 
and contain no cholesterol to replace lard, beef tallow and butter. However, the 
texture and stability of vegetable oil were quite different from those of animal fat 
Partially hydrogenated vegetable oils (PHVO) were therefore developed to mimic 
the physical properties of these animal fats. 
Partial hydrogenation technology was developed in 1930s. The process of 
hydrogenation offers two advantages: it protects against oxidation and therefore 
prolongs shelf life of the oils; and it converts liquid vegetable oils into semisolid 
1 
fats, of which physical properties simulate to animal fats. For example, when 
hydrogenated, vegetable oils become spreadable margarine. However, a 
disadvantage of partial hydrogenation is that some of the polyunsaturated fatty acids 
are converted to some unnatural trans fatty acids and at the same time, new cis-
positional isomers may be formed. Li nature, most of unsaturated fatty acids are cis 
fatty acids. Thereafter the development of partial hydrogenation technology, the 
consumption of saturated fat and cholesterol fi:om animal fats decreased, meanwhile 
the intake of these trans fatty acids increased greatly. The major change of fat 
consumption from 1890 to 1990 was the shift from saturated fats to partially 
hydrogenated vegetable oils (Stephen and Wald, 1990). However, another study 
showed that there was little change in the availability of trans fatty acids during the 
last 15 to 20 years due to the reduction in the degree of hydrogenation process and 
stable total fat intake over this period (Hunter and Applewhite, 1986). Li the past, 
little was known about the deleterious effects caused by over intake of trans fatty 
acids at that time. Vergrosen (1972) was the first to compare the effect of 
individual dietary fatty acids on serum lipids. It was found that the group fed the 
hi^-trans diet containing cholesterol had significantly higher cholesterol 
concentration than that of the group fed the high-cw diet containing cholesterol. 
However, such hypercholesterolemic effect of trans fatty acids relative to cis fatty 
acids had not been found in another study (Mattson et aL, 1975). Rather it was 
suggested that trans fatty acids were equivalent to cis fatty acids, both of which 
were not hypercholesterolemic relative to saturated fatty acids fVergrosen and 
2 
Gottenbos, 1975). Until recently, some researches shown that the intake of trans 
fatty acids could be one of the risk factor in the development of cardiovascular 
diseases OMensink and Katan, 1990; Judd et al., 1994; Aknendingen et al., 1995). 
One large-scale epidemiological study found a relationship between the intake of 
trans fatty acids and the mortality rate from coronary heart diseases (Willett et al., 
1993). Thus, trans fatty acids in PHVO arouse a controversial issue to nutritionists, 
food scientists and the public. Up to date, there still lacks a consensus on the 
harmful effects of trans fatty acids. 
1.2 Chemistry oitrans and cis fatty acids 
The main reason why PHVO and its products are of concem is because they 
contain a large amount of trans fatty acids (Dutton, 1979). In fact, trans fatty acids 
are not really all unnatural, they can be found in the meats of ruminant animals such 
as cow, sheep and dairy products, in which the ruminant micro-organisms convert 
the cis fatty acids to trans fatty acids by hydrogenation. However, the main source 
of dietary trans fatty acids consumed in westem countries such as USA and Canada 
is attributed to partially hydrogenated oils and related products (Craig-Schmidt, 
1991). 
The term, trans fatty acids, is just a common name assigned to a mixture of 
fatty acid isomers produced during partial hydrogenation of vegetable and marine 
oils As shown in Figure 1.1, the difference between a trans fatty acid and a cis 
fatty acid is the configuration of a double bond in the carbon chain. Li a trans fatty 
3 
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Figure 1.1. Structure of cis and trans fatty acids. 
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acid, the two big moieties in a double bond are on the opposite side, whereas in a 
cis fatty acid, they are on the same side. Since the two buDcy groups are on the 
same side in a cis fatty acid, this contributes to a twist or bent in the carbon chain. 
However, the structure of a trans fatty acid simply likes that of a straight saturated 
fatty acid because of the trans configuration. Thus the difference between a cis fatty 
acid and a trans fatty acid in configuration contributes to their different shape of the 
molecules and properly different physical properties. 
A trans double bond is thermodynamically more stable than a cis double 
bond. Consequently, a trans fatty acid is less chemically reactive and less 
susceptible to free radical damage than those of a cis fatty acid. Moreover, the 
melting point of a trans fatty acid is relatively higher than a corresponding cis fatty 
acid but lower than that of saturated fatty acid with the same chain length CEmken, 
1991). 
It is known that partial hydrogenation produces different kinds of fatty acid 
isomers. Li fact, two types of fatty acid isomers can be formed namely geometrical 
isomers and positional isomers. Trans fatty acids belong to the former. Positional 
isomers are those fatty acid isomers in which the position of the double bond is 
shifted along carbon chain from its original position after partial hydrogenation. A 
mixture of these isomers can also be produced to lesser extent in other processing 
conditions such as prolonged heating of vegetable oils (Ackman et al., 1974; 
Grandgirard et al., 1984). 
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Due to the great variety of fatty acid isomers found in the Westem diet, it is 
essential to understand the notation and numbering of the fatty acid isomers. The 
position of a double bond is either counted fi:om the carboxyl or methyl end of a 
fatty acid. Li the former case, the position will have a A prefix; and a n- prefix in 
the latter case; the number preceding the prefix is the position of a double bond. 
The terms, cis or trans, are used as prefix to represent the configuration of a double 
bond. However, if there are more than one double bonds in a fatty acid, c or t will 
be used to notify the configurations (Lobb, 1991). For example, 18:2A9c,12t, which 
is a geometric isomer of linoleic acid (18:2n-6), represents two double bonds with 
one cis in position 9 and one trans in position 12 from carboxyl end of a 18 carbon 
chain. 
1.3 Dietary source oftrans fatty acids 
Li the US and Canadian diets, the major source of trans fatty acids is 
partially hydrogenated vegetable oils such as margarine, shortening and the PHVO-
containing foods. Approximately, 95% of dietary trans fatty acids are derived firom 
PHVO and the rest are from ruminant fats OEnig, 1996). Since PHVO was first 
produced in those industrialized Westem countries such as United States, Canada 
and some European countries, the foods from these places usually contain 
considerable amount of trans fatty acids either as visible fats or hidden fats. 
Margarine and cooking oils are the major source of trans fatty acids in visible fats 
whereas in hidden fats, trans fatty acids are mainly from fast foods, bakery 
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products and snacks. Li most of other countries such as Australia, New Zealand 
and France, however, dairy products are the primary source of trans fatty acids 
(Wolff, 1995). The current trans fatty acid content of different food categories in 
United States is listed in Table 1.1. Li fact, a similar report was also made in 
Canada. The amount of trans fatty acids in Canadian foods was found in those of 
high fat categories such as cakes, cookies, chips and French fiies (Ratnayake et al., 
1991; Ratnayake et al., 1993). It should be noted that the level of trans fatty acids 
ranging in these two studies was usually large, it might be due to the use of 
different degrees of PHVO and different amount of fat in the food ^Emken, 1995). 
However, the Canadian foods seemed to contain higher level of trans fatty acids 
than those of American high fat foods. Although the level of essential fatty acids 
(EFA) such as linoleic acid (18:2n-6) and a-linolenic acid (18:3n-3) was not shown 
in Table 1.1，the amount of trans fatty acid in foods was usually in the expense of 
EFA because of the use of partial hydrogenation process would partially isomerize 
cw-EFA to trans fatty acids fDupont et al., 1991). The fact that a higher level of 
trans fatty acids was usually accompanied with a lower EFA availability raised the 
question if trans fatty acids could perturb EFA metabolism fffill et al., 1982). In 
the study of US foods, the level of 18:3n-3 geometrical isomers {trans-l^'3) was 
not reported. The amount of trans-l^'3 reported in Canadian food items was less 
than 1%. However, the amount of trans-l%-.3> in rapeseed and soybean oils could be 
as high as 3%, which was formed probably due to the process of deodorization 
(Wolff, 1992), 
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Table 1.1. Trans fatty acid contents of selected food product categories in the US diet®. 
Product category 18:lt 18:2t,c/ct Totaltrans Trans^ Total fat 
(% of total fat) (% of total fat) (% of total fat) (g/serving) (g/serving) 
Margarine 
Stick, hard, soy 24.1 (19-41) 2.1 (0-7) 27.0 (19-49) 3.04 11.27 
Tub, soft, soy 14.4 (9-21) 1.9(0-9) 17.3 (11-28) 1.95 11.26 
Shortening 
Commercial, soy 33.6 (30-38) 3.8 (3-4) 37.4 (34-52) 4.87 13.00 
Household, soy 14.5 (9-27) 4.1 (1-7) 19.6 (3-30) 2.54 13.00 
Oils 
Cooking, soy 8.0 (5-11) 2.8 (1-6) 11.9(1-13) 1.67 14.00 
Salad, soy 0.9(0-3) 0.7(0-2) 1.6 (0-5) 0.48 30.00 
Bakery 
Cookies, sugar 15.0(3-32) 1.8(0-5) 18.4 (4-36) 1.36 7.40 
^ Cake, coffee 9.6 (9-11) 1.0 (0.8-1.11) 11.0(10-13) 1.68 15.32 
Bread, conunercial 6.8 (0-30) 1.2 (0-4) 8.4(0-32) 0.16 1.87 
Fast foods 
MiUc shakes 2.0 (2-3) 0.3 (0-1) 2.6(2-4) 0.20 7.70 
Hamburger 3.6(3-6) 0.8(0.7-1) 3.9 (3-5) 0.53 13.66 
Snacks 
Chips, potato 10.0 (0-34) 1.7(0-7) 12.7 (0-40) 1.38 10.88 
French fries 18.7 (3-32) 1.4 (0-3) 20.9 (3-34) 1.83 8.75 
Dairy products 
Butter 2.9 (2-6) 0.3(0-1) 3.5(2.7) 0.40 11.36 
Milk, whole 2.1 (2-3) 0.8(0.7-1) 3.0 (2.7-3.4) 0.22 7.43 
Meats 
Beef, lean, raw 3.2 (2-5) 0.2 (0-0.3) 4.0 (2-5) 0.21 5.17 
Pork, lean, raw 0.2 (0-0) 0(0-0) 0.2 (0.1-0.3) 0.01 494 
Chicken, lean, raw 0.9(1-1) 0.3 (0.2-0.4) 1.3 (0.7-1.4) 0.04 ^ 
a Mean (range) in parentheses. From Nutrient Data Bank Bulletin Board QJS Department of Agriculture/Agricultural Research 
Service, Riverdale, MD) and Dickey, (1995). 
Serving size based on 1994 Food and Drug Administration code for federal regulations. Examples: one serving ofcooking oil 
(15mL) contains 14 g total fat; one serving of margarine (14g) contains 11.2g total fat. Adapted from Emken (1995). 
1.4 Consumption oitrans fatty acids among Western countries 
The per capita consumption of trans fatty acids has been estimated by 
several different methods in the United States, for examples, the availability data 
which estimate the production of fats and oils; the analysis of composite diets which 
based on the chemical analysis of the chosen diet; the analysis of dietary records 
using food composition data and the level of trans fatty acids in biological tissues 
(Craig-Schmidt, 1991). However, there was a great variation in the results obtained 
from different approaches. The per capita intake of trans fatty acids usually gave 
the highest value by availability data (7,6-12.8gy'persony'day) and the lowest by 
dietary record (2.6-4.6g/person/day). The large difference may be due to production 
loss and discard of fats and oils in food industry and the underestimation of fat 
intake by survey data QEmken, 1995). Not only was there large variation among 
different approaches in estimating the average amount per day per person, it was 
also found even using the same approach in different studies by different 
investigators. 
Nevertheless, availability data was the most common method to estimate the 
per capita consumption of trans fatty acids (Hunter and Applewhite, 1986, Enig et 
al., 1990). Li the study ofHunter and Applewhite (1986)，an average intake of trans 
fatty acids per person was about 7.6gMay while in that of Enig et al. (1990) the 
estimated value was 12.8g/day. Enig et al. (1990) concluded that the difference was 
mainly due to the overestimation of the wastage factor of the use of shortening and 
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underestimation of the availability of hydrogenated fats and oils in market by 
Hunter and Applewhite (Enig et al., 1990). 
The consumption of trans fatty acids in European countries is listed in 
Table 1.2. which ranged from 2 to 10 g per person per day among these countries. 
The consumption was the lowest in Spain due to use of mildly hydrogenated 
vegetable oils. 
1.5 Current health concern for excessive intake of trans fatty acids 
The major concem of excessive intake of trans fatty acids is whether it will 
increase the risk of cardiovascular disease. Several epidemiological studies have 
been done and the results were quite inconsistent (Willett et al.; 1993, Aro et al.; 
1995; Roberts et al., 1995). i i the Nurses' Health Study, 121700 US female 
registered nurses were participants. The intake of trans fatty acids was recorded by 
food frequency questionnaire. The result of this study showed that the intake of 
trans isomers was directly related to risk of coronary heart disease (Figure 1.2). 
The relative risk for the highest intake quintile (3.2 %energy) versus the lowest 
intake quintile (1.3 % energy) was 1.50 after the adjustment of age and total energy 
intake (Willett et al., 1993). The report of the Finnish Alpha-Tocopherol, Beta-
Carotene Cancer Prevention Study published recently also supported the conclusion 
of Willett et al. (1993) (Pietinen, et aL, 1997). The authors of this study found a 
significant positive correlation between the intake of trans fatty acids and the risk of 
coronary heart death. The relative risk of coronary heart death of the highest 
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Table 1.2. Consumption of margarine and trans fatty acids firom all sources in some 
European countries. 
Country Consumption of margarine Consumption of trans fatty Year 
(g/day per person) acids (g/day per person) 
Denmark 37 5 1991 
Sweden 35 7 1984 
TheNetherlands 28 10 1984-1985 
Norway 27 8 1989-1991 
England 20 7 1982 
Germany 20 4 1991 
Spain 3 2 1988 
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Figure 1.2. Relationship between relative risk of coronary heart disease (CHD) 
and trans fatty acid intake as percentage of total energy. Analysis was made for 
69181 women in 1980 and no change was found in margarine intake in previous 
10 years. Relative risks from proportional hazards model controlling for age, 
standard risk factors, dietary lipids, and multiple vitamin use. Adapted from 
Willett et al. (1993). 
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quintile of intake (median = 6.2g/day) was 1.30 as compared to the lowest quintile 
of intake (1.3g/day) after adjusting for other variables, hi the other two studies 
which were based on the analysis of trans fatty acids in adipose tissue obtained 
from men with acute myocardial infarction and necropsy of 66 cases of sudden 
cardiac death. Both studies showed no correlation between intake of trans isomers 
and heart diseases (Aro et al., 1995; Roberts et al., 1995). Although the role of 
trans fatty acids in cardiovascular disease was quite equivocal among 
epidemiological studies, the adverse effects of trans fatty acids on the lipoprotein 
profile were more pronounced. It was found that trans fatty acids raised LDL-
cholesterol concentrations and reduced HDL-cholesterol concentrations in human 
subjects (Mensink and Katan, 1990; Wood et al., 1993). Another study also showed 
that an increase in every one percent dietary energy as trans fatty acids raised LDL-
cholesterol by about 1.2mg/dL and decreased HDL-cholesterol by about 0.6mg/dL 
relative to oleic acid (18:ln-9) or 18:2n-6 (Figure 1.3) (Zock and Katan, 1992). 
Moreover, trans fatty acids were found to be able to raise the concentration of 
atherogenic lipoprotein(a) (Mensink et al., 1992; Nestel et al., 1992). 
1.6 Metabolism of trans fatty acids 
Several aspects of the metabolic properties such as absorption, 
incorporation, turnover and oxidation of trans fatty acids have been well studied. It 
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Figure 1.3. Effects of monounsaturated trans fatty acids on LDL and HDL 
cholesterol in two studies. Circles represent data from a comparison of 18:lt with 
oleic acid. Squares are based on the comparison between 18:lt and linoleic acid. 
Bar denotes 95% confidence intervals. Li addition to the two experiments, the 
origin provides a third point, because a zero change intake will produce zero 
change in lipoprotein levels. Adapted from Zock and Katan (1992). 
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1.6.1 Absorption 
Absorption takes place before dietary fat can be utilized or stored. Although 
trans and cis fatty acids have different physical properties, animal studies showed 
that the absorption of trans fatty acids were absorbed equally well as natural cis 
fatty acids. Human studies using deuterium-labeled fatty acids also suggested that 
trans fatty acids were not restricted to absorption regardless of their configuration 
of double bonds, melting points (Emken et al., 1987; Emken et al., 1989; Emken, 
1991). However, the position of double bond was found to play a role in 
determining fat absorption. Pancreatic lipase-hydrolysis of triacylglycerol was an 
essential step for fatty acid absorption but its activity was inhibited by octadecenoic 
acid isomers (18:lt) with position of double bond from A2 to A7. Since the double 
bond position in most of the dietary trans fatty acids lie between A8 to A16, it will 
be unlikely to impair the absorption of trans fatty acids (Jensen et al., 1972). 
1.6.2 Oxidation 
Fat is one of the major sources of energy. The utilization of fat as energy 
depends on the amount of them in diet and how well they are oxidized by tissues. 
For example, n-6 and n-3 fatty acids have different reaction rates towards most 
enzyme systems (Sprecher, 1991). Several studies have examined the in vitro and 
in vivo oxidation of trans fatty acids relative to the corresponding cis fatty acids. It 
was found that the oxidation rate of trans fatty acids was different from that of cis 
fatty acids (Ide and Sugano, 1984; Lanser et al., 1986). The oxidation of trans fatty 
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acids in intact rats fed by partially hydrogenated oil OPHCO) will be discussed in the 
Chapter 6. 
1.6.3 Incorporation 
Trans fatty acids are absorbed equally well as natural cis fatty acids. It is 
not surprising that part of the dietary trans fatty acids will be retained in the body. 
The effect of dietary trans fatty acids on fatty acid incorporation in different tissues 
has been investigated in both humans and animals. The distribution pattem of trans 
fatty acids in various animal organs or tissues has been extensively studied 
(Ohkogge et al., 1981; Emken et al., 1983; Lawson et al., 1985; Pettersen and 
Opstvedt, 1988)，showing that it was specific among different tissues. Adipose 
tissue is the major site for lipid storage. Although lipids are non-selectively stored, 
the content of 18:lt in adipose tissue could partially reflect the level of dietary 
intake QBeynen et al., 1980). Li general, the highest incorporation of trans fatty 
acids was found in adipose tissues, followed by liver and heart while the brain was 
found to be the least Qffill et al., 1979; Reichwald-Hacker et al., 1979). ln addition, 
trans fatty acids are primarily concentrated in breast miUc in lactating women 
(Chappell et al., 1985; Chen et at., 1995). Low incorporation of trans fatty acids in 
rat brain was reported (Wood et al., 1979; Ratnayake et al., 1994). Study in pig also 
revealed that incorporation of trans fatty acids in brain phospholipids was very low 
(Pettersen and Opstvedt, 1989). However, Hill et al. (1979) found a considerable 
amount of trans fatty acids ( � 5 % ) incorporated in brain of rats fed large amount of 
16 
trans fatty acids (46% total fatty acids). Cook et al. (1980) also found that trans 
octadecadienoic acid (18:2t,t and 18:2c,t) could incorporate into rat brain showing 
that they were not completely excluded. Other nervous tissues such as retina of 
weaning rat could also incorporate n-3 trans fatty acids but to a lesser extent than in 
liver (Chardigny et al., 1994). Besides, accumulation of 18:lt in rat sciatic nerve 
phospholipids was also reported (Lawson et al., 1982). 
Li human study, it was found that the trans fatty acid content in liver and 
heart phospholipids was much lower than that of animal data (Ohlrogge et al., 
1982). A review which summarized several human studies also reported that 
incorporation of trans fatty acids in adipose tissues ranged from 2.7-4.0%, while in 
the brain phospholipid, it was lower than 1.0% or even undetectable fEmken, 1995). 
For both human and animal data, it appears that the fatty acid metabolism of brain 
and retina is tightly controlled. This may aim at protecting their delicate structure in 
order to preserve their functions. 
1.6.4 Selectivity 
Li fact, not all kinds of trans fatty acids are equally incorporated into rat 
tissues, and selectivity towards individual trans fatty acids in tissues exists. Liver 
phospholipids were selective for 18:lA12t and 18:lA14t. Selective incorporation of 
18:lA8t and 18:lA9t in various tissues triacylglycerol was also reported fHoy and 
Hohner, 1981). However, the incorporation of 18:2t isomers especially 18:2t,t in 
various tissue phospholipids were strongly excluded comparing to the amounts in 
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the diet (Takatori et al., 1976). Li contrast, 18:3 trans fatty acid (18:3A9c,12c,15t) 
was preferentially incorporated into mitochondrial cardiolipins of heart, liver and 
kidney of rats which were fed at high dosage of this trans fatty acid (Wolff et al., 
1993). In human studies, selective incorporation of 18:lA12t and 18:lA13t was 
found in plasma phospholipids but was excluded in other lipid classes (Emken, 
1991). Selective incorporation of 18:lA14t in liver and heart phosphatidylcholine 
was also reported (Ohlrogge et al., 1982). 
Phospholipids play an important role in membrane structure. The position 
of trans fatty acids incorporated into phospholipids is critical in affecting both 
biochemical and structural functions of membrane. The polyunsaturated fatty acids 
(PUFA) such as 18:2n-6 and arachidonic acid (20:4n-6) are usually incorporated in 
sn-2 position of phospholipids. However, animals studies showed that 18:lt was 
preferentially incorporated in sn-1 position where the saturated fatty acids was 
usually incorporated (Wood and Chumbler, 1979). Therefore, it is suggested that 
the intake oftrans fatty acids would only substitute saturated fatty acids in sn-1 but 
not compete sn-2 with PUFA, and the biosynthesis of eicosanoid will not be 
affected subsequently. However, under the condition of essential fatty acid 
deficiency in animals, 18:lt can also incorporated into sn-2 position of membrane 
phospholipids (Blomstrand and Svensson, 1983). Also, 18:2t isomers, which are 
minor components in partially hydrogenated oils, were able to incorporate into sn-2 
position (Kinsella et al., 1981). 
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1.7 Impact of trans fatty acids on essential fatty acid metabolism 
Since difference between trans and cis fatty acids is only configuration of 
the double bond, it has long been aware that trans fatty acids could be the inhibitors 
ofEFA metabolism. The metabolic pathway of EFA is shown in Figure 1.4. The 
metabolism of 18:ln-9, 18:2n-6 and 18:3n-3 is characterized by sharing the same 
enzyme system of desaturation and elongation but with different enzyme kinetics 
between n-9, n-6 and n-3 classes offatty acids. Among these three classes, n-3 fatty 
acids are the most readily metabolized by the enzyme system and n-9 fatty acids are 
the least. After certain steps of desaturation and elongation, longer chain 
polyunsaturated fatty acids (LCPUFA) namely arachidonic acid (20:4 n-6), 
eicosapentenoic acid (20:5 n-3) and docosahexenoic acid (22:6 n-3) are produced 
(Houtsmuller, 1978). These LCPUFA are of special concem because they are the 
structural membrane components of retina and nervous system (Koletzko and 
Braun, 1991; Koletzko, 1992a; Uauy-Dagach et al., 1994). Moreover, n-6 and n-3 
LCPUFA of 20 carbons are the precursors of eicosanoids such as prostaglandin, 
leukotriene, prostacyclin and thromboxane. 
Several in vivo and in vitro studies have been done to evaluate the inhibitory 
effects of trans fatty acids on essential fatty acid metabolism (Anderson et al., 1975; 
Hill et al., 1982; Lawson et al., 1983). Most ofthese studies concentrated on 18:lt 
and trans isomers of 18:2n-6 (18:2t isomers) because they are the most common 
trans fatty acids in PHVO. Among these fatty acids, 18:lt and 18:2t,t could inhibit 
the synthesis of 20:4n-6 from 18:2n-6 at the steps of A6 and A5 desaturation, 
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Figure 1.4. Metabolism of unsaturated fatty acids, n-9, n-6 and n-3 Fatty acid 
series compete for the same microsomal desaturation and chain elongation enzyme 
system. 
20 
respectively. The comparison of formation of 20:3 and 20:4 in rats fed by com oil, 
EFA deficient diet (EFAD) containing high level of saturated fatty acids, and PHSO 
diet containing 45-48% of trans fatty acids with trace amount of 18:2n-6 is shown 
in Figure 1.5. EFAD was characterized by high level of 20:3n-9 due to deficiency 
in EFA, indicating that desaturation and elongation of 18:ln-9 was dominated. 
Suppression of 20:4n-6 by PHSO diet was also shown, since the formation of 
20:4n-6 in liver of rats fed PHSO was as low as that of EFAD, indicating the 
inhibitory effect of trans fatty acids on EFA metabolism. 
1.8 Desaturation and elongation oftrans fatty acids 
Trans fatty acids not only inhibit EFA metabolism, but also can metabolize 
to some 的似-LCPUFA through desaturation and elongation system. Both 18:lt 
and 18:2t isomers were able to be metabolized in rat liver. A study comparing 
several positional isomers of 18:lt found that they could be desaturated to some 
18:2 isomers such as 18:2c,t, 18:2t,c and 18:2c,c. The percentage conversion of 
these isomers was much higher than that ofl8: ln-9 (Mahfouz et al., 1980). Among 
them, 18:lt with a double bond in position A4, A5, A6, A13 and A14 showed higher 
conversion activities. For 18:2t isomers, it was found that 18:2c,t but not 18:2t,c 
and 18:2t,t could be metabolized to 20:4t isomers. As shown in Figure 1.5, under 
EFA deficiency or insufficiency, the formation of 20:4t isomers was comparable to 
that of 20:4n-6 in animals (Beyers and Emken, 1991; Holman et al., 1991). 
However, a recent study showed that 20:4t isomers were still detectable in rat liver 
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Figure 1.5. Segments of gas chromatogram (C20) of a single rat liver from each 
dietary group (CO, com oil diet; EFAD, essential fatty acid deficient diet; PHSO, 
partially hydrogenated soybean oil diet), showing the 20:3 and 20:4 regions, 
revealing the effect of dietary fat on isomerism of 20:4. Adapted from Hohnan et 
al. (1991). 
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fed an adequate level of 18:2n-6 (1.46% of total energy) and the structures of these 
20:4t isomers have been identified in this study (Ratnayake et al., 1994). A possible 
pathway was also proposed that 20:4A5c,8c,llc,14t and 20:4A5c,8c,llc,15t were 
synthesized from 18:2A9c, 12t and 18:2A9c, 13t, respectively. The biological activity 
of these unnatural 20:4t isomers of 20:4n-6 was unknown (Hohnan et al., 1991; 
Ratnayake et al., 1994). Nevertheless, it can be regarded as an indicator of the 
degree of impact of trans fatty acids on the synthesis ofLCPUFA. 
It is known that 18:2t isomers were present in PHVO; the amount ofl8:2n-6 
in PHVO is also not sufficient and that of 18:3n-3 is deficient. Under these 
conditions, trans fatty acids may manifest their inhibitory effect on EFA 
metabolism. Therefore, the intake ofPHVO will certainly increase the requirement 
of these essential fatty acids (Anderson et al., 1975; Lawson et al., 1983). This is 
also our major concem to investigate the minimal requirement of 18:2n-6 if using 
PHVO as the main source of fat. 
1.9 Trans fatty acids and neonatal growth 
The connection of trans fatty acids to neonatal growth is due to their 
inhibition on the synthesis of 20:4n-6 and 22:6n-3 which are rapidly deposited in 
lipid-rich neuronal tissues during fetal and neonatal development (Leaf et al., 1992; 
Decsi, 1994). No adverse effect of growth exerted by trans fatty acids was found in 
some long term studies in animals through many generations; and no visible 
problem associated with growth, organ size or development, reproduction, tumors 
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or longevity (Alfm-Slater and Aftergood, 1979). Until recently, a negative 
correlation between 18:lt and LCPUFA in plasma triacylglycerol as well as birth 
weight was found in preterm infant (Koletzko, 1992b; Houwelingen and Homstra, 
1994). Another study in children also found that n-6 LCPUFA was negatively 
correlated to 18:lt in plasma phospholipids (Decsi and Koletzko, 1995). Although 
correlation did not warrant cause and effect relationship, they did indicate possible 
adverse effect of trans fatty acids on LCPUFA availability especially when 18:2n-6 
was deficient. Moreover, trans fatty acids were able to transfer from matemal 
blood to fetus through placenta, and from matemal diet to breast miUc (Koletzko 
and Miller, 1990; Chen et al., 1995). It is not known whether the exposure to trans 
fatty acids in early life has any deleterious effect on fetal and neonatal development. 
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Chapter 2 Amount of trans fatty acids in Hong Kong fast food 
2.1 Introduction 
The content of trans fatty acids in food of Westem countries had been 
extensively studied since PHVO was used in food industries. Li Hong Kong, 
however, there is no information about the content of trans fatty acids in food 
especially snacks and deep fat fiied-fast foods. The reason of interest is because the 
dietary habit of the new generation in Hong Kong is now shifting towards Westem 
style. A study has revealed the dietary practice of Hong Kong adolescents, and 
found about 7% of total fat intake was contributed by fast food fLee et al., 1994). 
The studies ofEnig et al. (1990) and Ratnayake et al. (1993) showed that trans fatty 
acids were usually found in fast food, snacks and bakery products in which PHVO 
and shortenings are usually used. Another problem associated with the 
consumption of these food items is the sub-optimal supply of EFA. Consequently, 
the inhibitory effect of trans fatty acids on LCPUFA synthesis is likely manifested 
under this condition. 
2.2 Objective 
The objective ofthe present study was to measure the amount of trans fatty 
acids in Hong Kong fast foods. 
25 
2.3 Materials and Methods 
2.3.1 Materials 
Li the present study, only popular fast foods prepared from deep fat fiying 
were chosen since the main source of trans fatty acids was believed to come from 
the frying medium which was usually PHVO. Four samples (selling size) of each 
item were collected within the period from 14th to 20th of November in 1995. 
They were purchased fi:om three different fast food restaurants, which were the 
most largest fast food chains in Hong Kong. Three categories of fast food were 
chosen including hamburger, fried chicken and French fries. 
2.3.2 Fatty acid analysis 
Lipid extraction was done immediately after collection of samples. Samples 
were blend by a commercial grinder. Fat from a lg blended sample was extracted 
by 20mL of CHCl3-MeOH (2:1, voWol) together with 3mL of saline. Two mg of 
triheptadecanoin (Sigma Chemicals Co., St. Louis, MO, USA) was added as an 
internal standard to quantitate the total fat. The lipid extracts (20mg) was dried 
using a nitrogen evaporator and transmethylated to fatty acid methyl esters OFAME) 
by using 2mL of 14% BF3-MeOH reagent (Sigma Chemicals Co., St. Louis, MO, 
USA) and lmL toluene at 90°C for 45 minutes under nitrogen. The FAME were 
extracted by 3mL hexane and lmL saline. The upper layer was taken out after 
centrifugation at 1500rpm for 5 minutes. The FAME solution was then dried under 
nitrogen and redissolved in lmL hexane. The FAME were analyzed by gas liquid 
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chromatography (GLC) using a SP-2560 flexible fused silica capillary column 
(100m X 0.25nun i.d., 20 |um film thickness, Supelco, Lic. Bellefonte, PA, USA) in 
a Hewlett-Packard 5890 series E gas chromatograph equipped with a flame-
ionization detector (Palo Alto, CA, USA). Column temperature was programmed 
from 180^C to 210°C at a rate rC/min, and was held for 30 minutes. Lijector and 
detector temperatures were set at 250°C. Hydrogen was used as the carrier gas at a 
head pressure of 20 psi. The identification of fatty acids was done by comparison to 
authentic standards and silver nitrate-thin layer chromatography (AgNO3-TLC). 
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2.4 Results 
The present study was to measure the level of trans fatty acids in fast foods. 
The fatty acids of French fiies, burgers and fried chicken were chosen for analysis. 
The fatty acid composition (% of total fatty acids) and the absolute amount of the 
fast foods are shown in Table 2.1 and 2.2. The major fatty acids were pahnitic 
(16:0)，stearic (18:0) and oleic acid (18:ln-9). Undetectable or trace amount of 
18:3n-3 was found in all these food items. The three items contained different 
amount of trans fatty acids especially 18:lt. The amount of 18:lt in French fiies 
was the highest (6.8-23.7% of fat) probably because of the deep fat fiying process. 
Only two brands of burgers were analyzed as one restaurant did not provide it. 
Lesser amount of 18:lt was found (3.3%-5.7% of fat) in burger comparing with that 
of French fiies. Li fried chicken, the skin and meat were separated for analysis. 
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Table 2.1. The composition of the major fatty acids (expressed as % total fatty 
acids) of selected fast foods fi:om three local fast food restaurants* (Continued on 
next page). 
Restaurant A Restaurant B Restaurant C 
Fatty acid French fries 
Sum Saturated 47.72±0.21 40.15±0.95 21.44t0.38 
18:ln-9 30.96±0.37 35.30±0.40 23.12±0.33 
18:2n-6 5.49±0.27 9.36±0.33 20.00±1.05 
18:3n-3 0.00+0.00 0.00+0.00 0.00±0.00 
Trans fatty acids 
18:lt 6 . 7 7土 0 . 0 4 10.96+0.66 23.72+1.18 
18:2A9t,12t 0 . 0 0士 0 . 0 0 0 . 0 0士 0 . 0 0 0.00i0.00 
18:2A9c,13t 0 . 1 8土 0 . 1 3 0 . 1 6土 0 . 1 4 0.84+0.13 
18:2A9c,12t 0 . 0 0士 0 . 0 0 0 . 4 1 ± 0 . 0 7 1.04+0.03 
18:2A9t,12c 0 . 0 7士 0 . 1 4 0.26±0.22 1 . 0 5土 0 . 0 6 
Sum 18:2t 0.25士0.19 0.83土0.43 2.93±0.22 
Burger& 
Sum Saturated 42.34土0.43 - 45.95+0.17 
18:ln-9 38.36±0.75 - 34.21±0.24 
18:2n-6 2.09+0.06 - 2.09士0.18 
18:3n-3 0.37土0.01 - 0.46土0.02 
Trans fatty acids 
18:lt 3.30±0.03 - 5.71±0.06 
18:2A9t,12t 0.01±0.03 - 0.00+0.00 
18:2A9c,13t 0.15+0.02 - 0 . 1 7士 0 . 0 2 
18:2A9c,12t 0 . 1 6士 0 . 0 1 - 0 . 2 6士 0 . 1 1 
18:2A9t,12c 0 . 2 0 ± 0 . 0 0 - 0 . 1 7士 0 . 1 9 
Suml8:2t 0.56±0.11 ： 0.60±0.09 
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Table 2.1* (Continued). 
RestaurantA Restaurant B Restaurant C 
Fatty acid Fried chicken (skin) 
Sum Saturated 41.10+1.42 35.63tl.88 25.55tl.55 
18:ln-9 27.8±0.41 3 8 . 7 5士 1 . 1 1 32.76±1.22 
18:2n-6 6.14±0.43 14.87±1.29 22.20±1.29 
18:3n-3 0.13±0.00 0.02±0.04 0.09士0.00 
Trans fatty acids 
1 8 : l t 1 2 . 6 4士 0 . 3 3 0 . 4 2士 0 . 0 8 4 . 8 5士 0 . 8 7 
18:2A9t,12t 0.03±0.00 0 . 0 0士 0 . 0 0 0 . 0 1土 0 . 0 0 
18:2A9c,13t 0 . 3 7士 0 . 0 1 0.02±0.03 0 . 4 3土 0 . 0 7 
18:2A9c,12t 0 . 3 8土 0 . 0 1 0 . 1 3土 0 . 0 0 0 . 6 3士 0 . 1 0 
18:2A9t,12c 0.40+0.01 0 . 1 0士 0 . 0 1 0 . 6 7士 0 . 1 1 
Sum 18:2t 1.40士0.01 0.30+0.06 1.84土0.31 
Fried chicken (meat) 
Sum Saturated 35.63±1.02 34.92土3.87 33.80+2.07 
18:ln-9 32.70士1.63 26.73±7.54 27.45+2.42 
18:2n-6 15.43tl.85 16.77±1.38 17.15+0.60 
18:3n-3 0.04士0.04 0.00士0.00 0.00士0.00 
Trans fatty acids 
18:lt 2.53+1.66 0.39+0.27 0.96±0.27 
18:2A9t,12t 0 . 0 0士 0 . 0 0 0 . 0 0 + 0 . 0 0 0.00db0.00 
18:2A9c,13t 0 . 0 0士 0 . 0 0 0 . 0 4土 0 . 0 7 0 . 0 0士 0 . 0 0 
18:2A9c,12t 0 . 2 0士 0 . 0 7 0.02t0.04 0 . 1 0士 0 . 0 7 
18:2A9t,12c 0 . 1 8土 0 . 0 9 0 . 0 0士 0 . 0 0 0.08t0.09 
Suml8:2t 0.47±0.20 0.06+0.11 0.18土0.15 
* Data are expressed as meanlSD ofn=4 samples, 
a Burger was not available in Restaurant B. 
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Table 2.2. The composition of the major fatty acids (expressed as g/lOOg) of 
selected fast foods fi:om three local fast food restaurants* (Continued on next 
page). 
Restaurant A Restaurant B Restaurant C 
Fatty acid French fries 
Sum Saturated 10.51±1.89 6.73士1.04 3.19士0.48 
18:ln-9 6.83±1.28 5.93±1.03 3.44+0.51 
18:2n-6 1.20i0.16 1.57i0.22 2.98+0.54 
18:3n-3 0.00士0.00 0.00士0.00 0.00士0.00 
Trans fatty acids 
18:lt 1.49+0.27 1.85i0.43 3.52+0.42 
Suml8:2t 0.05土0.04 0.15+0.09 0.44+0.10 
Burger^ 
Sum Saturated 9.33土1.68 - 6.83土0.99 
18:ln-9 8 . 4 5土 1 . 4 - 5 . 0 8士 0 . 7 0 
18:2n-6 0 . 4 6士 0 . 0 9 - 0 . 3 1土 0 . 0 7 
18:3n-3 0.08+0.02 - 0.07+0.01 
Trans fatty acids 
18:lt 0.73土0.13 - 0.85+0.13 
Sum 18:2t 0.12±0.03 - 0.09+0.02 
Fried chicken (skin) 
Sum Saturated 0.48±0.37 6.02+1.34 3.81±0.70 
18:ln-9 5.28±1.10 6.53tl.30 4.89±0.89 
18:2n-6 3.55±0.68 2.48土0.29 3.29l0.35 
18:3n-3 2.85±0.56 0.00+0.01 0.01土0.00 
Trans fatty acids 
18:lt 9.30±2.15 0.07+0.01 0.71i0.10 
Sum 18:2t 6.29士1.32 0.05±0.02 0.27土0.03 
Fried chicken (meat) 
Sum Saturated 7.84±1.35 5.84±0.95 5.00±0.42 
18:ln-9 7 . 1 8土 1 . 1 5 4.57±1.69 4 . 1 2土 0 . 9 8 
18:2n-6 3 . 4 2 ± 0 . 8 5 2 . 8 0土 0 . 3 4 2.55+0.35 
18:3n-3 0 . 0 1土 0 . 0 1 0.00+0.00 0 . 0 0士 0 . 0 0 
Trans fatty acids 
18:lt 0.52+0.28 0.06+0.04 0.15士0.05 
Sum 18:2t 0.10士0.03 0.01士0.02 0.03±0.02 
* Data are expressed as meanlSD of n=4 samples, 
a Burger was not available in Restaurant B. 
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The skin was found to account for most of the 18:lt (0.4%-12.6% of fat) whereas 
meat contained only 0.4%-2.5% of l8 : l t . 
The amount of 18:2t isomers in fast foods varied among three restaurant. It 
should be noted that the 18:2t isomers were mostly 18:2c,t/t,c isomers as 18:2t,t was 
non-detectable. Li general, burger and chicken meat contained lesser amount of 
18:2t (below 0.6% of fat). French fries and chicken skin contained 0.3%-2.9% and 
0.3%-1.8% ofl8:2t isomers, respectively. 
2.5 Discussion 
Comparing the data with these of US diets OEnig et al., 1990)，the range of 
trans fatty acids in French fries was quite similar and the highest one reached 23 % 
of total fat. The amount of trans fatty acids in burgers which was mostly from beef 
and chicken meat agreed with the data published by Nutrient Data Bank Bulletin 
Board (US department of Agriculture/Agricultural Research Service, Riverdale, 
MD). It was shown that the content oi trans fatty acids in raw beef (4.6%) was just 
a little lower than that of cooked beef (5.0%) (Lanza et al., 1980). Therefore, most 
of the trans fatty acids detected might come from the beefbut not from PHVO. On 
the other hand, the amount of trans fatty acids in fried chicken meat was about 
0.5%-1.4% which was similar to that of raw chicken meat (0.7-1.4%). In contrast, 
considerable amount of trans fatty acids were found in the skin of fried chicken 
(0.7-13.7%). They might be absorbed during the process of deep fat frying in 
PHVO medium. Also, it was found that the level of trans fatty acids in fast food 
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depended on which kind of oils the restaurants used. As shown in Table 2.1, large 
range of the amount of trans fatty acids in fiied chicken among three restaurant was 
found. The amount of 18:lt in restaurant B was well below 0.5%, indicating that 
PHVO might not have been used as the frying medium. 
It was observed that the amount of 18:2t isomers was positively related to 
that of 18:lt. This might reflect the degree ofhydrogenation of vegetable oils used 
in the restaurants. The level ofl8:2t isomers was quite low (below 0.6%) in burger. 
However, the amount of 18:2t isomers in French fries could be as high as 2.9% of 
total fat (Restaurant C). Since no information for intake was available, actual 
consumption of 18:2t isomers could not be deduced. 
An important concem of trans fatty acids is that they might exacerbate the 
requirement of EFA during neonatal development and affect the biosynthesis of 
LCPUFA (Decsi and Koletzko, 1995). The major inhibitors were the 18:2t isomers 
especially 18:2t,t. At high ratio of 18:2t,t to 18:2 n-6, the reduction in synthesis of 
20:4 n-6 from 18:2n-6 was observed (Houtsmuller, 1978). However, as shown in 
Table 2.2，18:lt was the major trans fatty acids in these fast foods and the total 
amount of 18:2t isomers was quantitative minor ranging only from 0.11g to 0.44g 
per 100g in French fries and even lower in burger and fiied chicken. 
The percentage of 18:2n-6 ranged from 5.5% to 20.0% of total fatty acids in 
French fries, about 2.0% in burgers and 15.8%-17.1% in fiied chicken. Lti beef 
burgers, lower 18:2n-6 was expected because some of the 18:2n-6 was 
biohydrogenated by ruminant bacteria. French fries and fried chicken still 
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contained considerable amount of 18:2n-6. hi fact, a study in rats found that trans 
fatty acids did not exhibit any adverse effects fed 2% 18:2n-6 as total energy in the 
diet (Zevenbergen, et al., 1988). 
]n humans, the EFA metabolism of adults may not be severely affected by 
trans fatty acids in diet since the reserve ofl8:2n-6 is usually adequate. There were 
data showing that the intake of 18:2n-6 among American and European adults 
ranged from 8 to 17 g/d (Katan et al., 1995). It should be noted that pregnant 
women and infants, however, have higher requirement for 18:2n-6 (Mendy et al., 
1986; Farrell et al., 1988). However, there is still lacking evidence that trans fatty 
acids further exacerbate the adverse effects associate with EFA insufficiency during 
pregnancy and neonatal growth. 
The present data indicate the use of PHVO in Hong Kong fast food 
industries. Unfortunately, only three food items have been analyzed. Thus, the 
average consumption of trans fatty acid remains unknown. It was believed that 
there should have more items using PHVO or shortenings especially those are 
regarded as 'Westem food，. 
One of the dietary surveys showed that the fat intake ofHong Kong children 
has been increasing. The current fat intake of Hong Kong Chinese children (30% 
energy) is much higher than the traditional low fat consumption (18% energy) 
(Leung et al., 1993). In fact, the increasing intake of dietary fat could be attributed 
to the popularity of those 'Westem food，such as apple pie, beefburger，fried meats, 
cake, potato chips and crisps which all are the potential sources of trans fatty acids. 
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As a consequence, the increasing intake of these foods may also increase the intake 
of trans fatty acids. However, the category of trans fatty acids was not included in 
this study (Leung et al., 1993). Therefore, further study is required to measure the 
average intake of trans fatty acids in pregnant, lactating women and adolescents. 
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Chapter 3 Cross-cultural study oftrans fatty acids in human milk 
3.1 Introduction 
Human miUc is regarded as the most ideal food for infants since it provides 
the most comprehensive nutrients during neonatal development. MiUc lipids 
provide energy, EFA as well as LCPUFA for growth and development of the brain, 
nervous and visual system in infants (Koletzko, 1994). LCPUFA is the structural 
component of membrane and its content is largely determined by the amount in 
miDc for those breast fed infants. The lipid content in human miDc is mainly 
reflected by daily matemal diet (Hachey et al, 1987; Wolff, 1995). Therefore, the 
fatty acid composition of matemal diet plays a crucial role in the supply ofEFA and 
LCPUFA to infants. Fatty acid composition of human milk has been reported in 
many countries (Koletzko et al., 1988; Wolff, 1995; Jensen, 1996). However, 
information on miUc fatty acid composition and trans fatty acids in Chinese is very 
limited. It was reported that trans fatty acids up to 15% of total miUc lipids was 
present in human miUc (Chen et al., 1995; Jensen, 1996). Due to the 
industrialization and westernization, the dietary habits of Hong Kong people have 
been changing. The lower rice and cereal consumption and three times higher intake 
ofmeat products than that of mainland Chinese living in urban area is the evidence 
of westernization of dietary habits of Hong Kong Chinese (Chen, 1986). A survey 
on Hong Kong adults reported that their dietary habits was highly characterized by 
high meat, low rice and vegetable intake which is usually a consequence of 
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affluence of the society (Ko et al., 1995). It is currently unknown if the partially 
westernized dietary habits bring about changes in the miDc fatty acid composition in 
Hong Kong lactating women 
3.2 Objective 
The objective of the present study was to investigate if the fatty acid 
composition of milk in Hong Kong Chinese was significantly different from that in 
Chongqing Chinese because the diets in the former were partially westernized and 
in the latter were still traditional. 
3.3 Materials and methods 
3.3.1 Materials 
Milk samples were collected from 51 and 33 lactating women from Hong 
Kong and Chongqing (Si Chuan Province, China), respectively. All nursing 
mothers were on their usual diets and no dietary modifications were proposed. MiDc 
samples were collected at the first three days (colostrum miDc) followed by two, 
four and six weeks after delivery. Ten to fifteen milliliters of milk were sampled 
each time in a bottle washed previously with deionized water. The milk samples 
were stored immediately at -20�C. The data were compared with these of Canadian 
human miUc (Chen et ai., 1995). 
Dietary information was obtained by self record over 3 days prior to miDc 
collection. Each subject was explained at the beginning of the study that they were 
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requested to record the amount of every food and drink they consumed. Each 
mother was shown the common measuring kitchen utensils, for examples, standard 
bowl and tablespoon. They were also requested to record the brand name and size 
of commercially available products they consumed. The total energy and nutrient 
intake were computed using a food composition data base, Nutritionist IV (First 
Databank, San Bruno, CA, USA). The protocol was approved by the Committee of 
Human Ethics, the Chinese University ofHong Kong. Signed consent was obtained 
from each miDc donor. 
3.3.2 Milk lipid extraction 
MiUc samples were thawed at room temperature (25�C). Lipids from a 2g 
sample was extracted using 15 volumes of CHCl3-MeOH (2:1, voLVol) containing 
1.5 mg/mL triheptadecanoin (Sigma Chemicals Co., St. Louis, MO, USA) as an 
internal standard to quantitate total milk fat. Another 2g sample was extracted with 
the same solvent system but without addition of triheptadecanoin to determine the 
content of endogenous heptadecanoic acid in milk. 
3.3.3 Fatty acid analysis 
The miUc lipids were converted to the FAME using a mixture of 14% BF3-
MeOH reagent (Sigma Chemicals Co., St. Louis, MO, USA) and toluene (2:1， 
voVvol) at 90°C for 45 minutes under nitrogen. FAME were analyzed by GLC 
using SP-2560 flexible fused silica capillary column (100m x 0.25mm i.d., 20 ^m 
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film thickness; Supelco, Lic. Bellefone, PA, USA) in a Hewlett-Packard 5890 series 
n gas chromatograph equipped with a flame ionization detector (Palo Alto, CA, 
USA). Column temperature was programmed from 150°C to 180°C at a rate of 
0.5°C/min, and then to 210°C at a rate of 3°C/min (Chen et al., 1995). fejector and 
detector temperature were both 250°C. Hydrogen was used as the carrier gas at a 
head pressure of 20 psi. 
s 
3.3.4 Statistics 
Data were expressed as mean 土 standard deviation. ANOVA followed by 
student's t-test (two tail) where applicable was used for statistical evaluation of 
significant difference between groups. 
3.4 Results 
3.4.1 Dietary information 
The total energy and nutrient intake between Chongqing and Hong Kong 
lactating women was significantly different (Table 3.1). The percent energy intake 
from fat and protein was significantly higher in Chongqing than in Hong Kong 
women while the percent energy derived fi:om carbohydrate was higher in the latter 
than in the former. The cooking oil used in Chongqing was mainly lard and 
rapeseed oil whereas in Hong Kong, it was mainly com oil or peanut oil. 
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Table 3.1. Dietary intake oflactating women in Hong Kong and Chongqing, 
Si Chuan, China^. 
Hong Kong (n=51) Chongqing (n=33) 
Energy (kcaVd) 1809±392 2686+1030^ 
Carbohydrate (g/d) 244±60 199±125^ 
(%kcaVd) 54±7 31±15^ 
Protein (g/d) 77+18 196+99^ 
(%kcaVd) 17±2 2 9 ± t 
Fat (g/d) 58±19 H7+58^ 
(%kcaVd) 28±7 39±9^ 
Food items (g/d)^ 
Cooked rice 404 590 
Eggs 50 340 
Chicken 44 220 
Pork 29 54 
Fish 26 11 
Vegetables 75 278 
Fruits (apple and orange) 240 0 
MiUc 228 0 
Bread 53 0 
a Data are expressed as mean+SD. The dietary data (for 3 d) were 
collected every time before the miUc sample was collected, 
b Mean at the same row with different superscripts differ significantly at 
p<0.05. 
c No standard deviation could be given because the calculation was made 
by summing total consumption ofeach particular food item by all mothers 
and then dividing by the number of mothers. 
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3.4.2 Fatty acid composition of Chinese and Canadian human milk 
A typical chromatogram of FAME of Hong Kong Chinese human milk is 
shown in Figure 3.1. The average fatty acid profiles of breast milk pooled over all 
stages of lactation in Chongqing Chinese, Hong Kong Chinese and Canadian are 
shown in Table 3.2. The most abundant fatty acids were 16:0 and 18:1 n-9. 18:2n-
6，the precursor of n-6 family, was predominant in n-6 fatty acids and followed by 
20:4n-6. Similarly, 18:3n-3 and 22:6n-3 were predominant in n-3 family. 
3.4.3 Difference between Chinese and Canadian human milk 
LCPUFA including 22:6n-3 and 20:4n-6 in human milk of both Chongqing 
and Hong Kong Chinese were significantly higher than those in Canadian human 
milk. 18:2n-6 and 18:3n-3 were the highest in Hong Kong Chinese human miDc. It 
should be noted that even though Chongqing Chinese and Canadian human miUc 
had similar amounts of 18:2n-6 and 18:3n-3, the former contained significantly 
larger amount of 20:4n-6 and 22:6n-3 than that of the latter. Li contrast, trans fatty 
acids including 18:lt and 18:2t isomers in human miUc of Canadian were 
significantly higher than those in Chongqing and Hong Kong Chinese. Also, 
Canadian human mUk had lower 16:lA9c, 18:lA9c, 20:lAllc and 22:1 A13c 
compared with Chongqing and Hong Kong Chinese. 
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Figure 3.1. A typical chromatogram ofthe fatty acid methyl esters from a sample 
of Chinese human mHk total lipids on an SP-2560 capillary column (100m x 
0.25mm). Peaks were identified as :1, 10:0; 2, 12:0; 3，14:0; 4，14:lA7c; 5, 15:0; 6， 
16:0; 7，16:lA7t; 8，16:lA7c; 9，16:lA9c; 10，17:0 (internal standard); 11， 
17:lA10c; 12’ 18:0; 13，18:lt; 14，18:l(A9+All)c; 15,18:1(A12+A13)c; 16， 
18:2A9cl2t; 17, 18:2n-6; 18, 20:0; 19，18:3n-6; 20, 20:lAllc; 21，18:3n-3; 22’ 
20:lA9c; 23+24, 18:2 conjugates; 25, 20:2n-6, 26，22:0; 27, unknown; 28, 20:3n-6; 
29, 22:lA13c; 30, unknown; 31, 20:4n-6; 32+33, unknown; 34, 24:0; 35, 20:5n-3; 
36; unknown; 37, 24:lA17c; 38，22:4n-6; 39, 22:5n-6; 40, 22:5n-6; 41，22:6n-3. 
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Table 3.2. Human miDc fatty acid composition (% total fatty acids) ofHong Kong 
and Chongqing Chinese compared with that of Canadian*. 
Fatty acid Chongqing Hong Kong Canadian 
(n=33 samples) (n=51 samples) (n=198 samples) 
Sum Saturated 40.49±5.14^ 38.07±4.56^ 38.50±2.94^ 
Monounsaturated 
16:lA9c 2.46±0.63' 2.23±0.59^ 2.27i0.56^ 
16:lA7c 0.59+0.08 ‘ 0 . 5 6士 0 . 0 9 “ 0.41±0.13 ^ 
18:lA9c 37.15+3.28^ 34.40+3.90^ 32.66±3.22' 
Sum otherl8:lc 2.25±0.30^ 2.02±0.78^ 3.43±0.28' 
20:lAllc 0.97±0.41 ‘ 0.79±0.29‘ 0.39±0.13 ‘ 
20:lA13c 0.01±0.01 b 0.03±0.04^ 0.14±0.09^ 
22:lA13c 0.58±0.55^ 0.16l0.14^ 0.02=h0.03� 
n_6 PUFA 
18:2n-6 10.44±2.45^ 15.80±3.01 ‘ 10.47+2.62^ 
18:3n-6 0.11±0.08" 0.15土0.09& 0.08±0.06^ 
20:2n-6 0 .44±0.14b 0.68±0.32" 0.17±0.37c 
20:3n-6 0.37±0.12a 0 . 4 1土 0 . 1 6 & 0.26t0.09^ 
20:4n-6 0.76±0.24' 0.61±0.18' 0.35±0.11^ 
22:4n-6 0.17t0.09' 0.23±0.20' 0.04±0.05 ‘ 
22:5n-6 0.10+0.08' 0.09t0.11' 0.01±0.02b 
n-3 PUTA 
18:3n-3 1.17±0.53 1.24±0.54 1.16士0.37 
20:5n-3 0.04±0.05^ 0.08i0.09^ 0.05±0.05b 
22:5n-3 0.22+0.08" 0.23±0.14' 0.08±0.05^ 
22:6n-3 0.54t0.20" 0.56±0.23" 0.14i0.10^ 
Trans fatty acids 
16:lA9t <0.01 <0.01 0.18土0.08 
Suml8: l t 0.20+0.04 ‘ 0.70l0.51^ 4.65±1.99' 
Sum 18:2t 0.02+0.03 ‘ 0.18±0.14^ 0.84±0.42' 
Total miUcfat(g/L) 38.10±17.10" 32.40±21.90^ 31.60±9.40^ 
*Data are expressed as mean 土 SD. 
幼，。Means in the same row with different superscripts differ significantly at 
p<0.01. 
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3.4.4 Difference between Hong Kong and Chongqing Chinese human milk 
The most obvious difference between miUc of Hong Kong Chinese and 
Chongqing Chinese is the amount of 18:2n-6. The former had significantly higher 
amount of 18:2n-6 than the latter. Li contrast, 20:4n-6 in human miUc of Hong 
Kong Chinese was a little lower than that of Chongqing Chinese. Compared with 
that in Chongqing Chinese, the human milk in Hong Kong Chinese had lesser cis-
monounsaturated fatty acids (18:lc) including lower 16:lA9c, 18:lA9c, 20:lAllc 
and 22:1 A13c. 18:lt and 18:2t isomers in human miDc ofHong Kong Chinese were 
significantly higher than in that of Chongqing Chinese. However, there was no 
difference in n-3 fatty acids between these two places. 
3.4.5 The change in milk fat and LCPUFA as lactation progresses 
As lactation progressed in Chongqing and Hong Kong Chinese women, the 
milk n-6 LCPUFA decreased although their precursor fatty acid, 18:2n-6, remain 
unchanged in Chongqing Chinese women or significantly increased in Hong Kong 
Chinese women (Table 3.3). These n-6 LCPUFA include 20:2n-6, 20:3n-6, 20:4n-
6，22:4n-6 and 22:5n-6 (Table 3.3). Similarly, the miUc n-3 LCPUFA including 
20:5n-3, 22:5n-3 and 22:6n-3 also decreased gradually with the time of lactation 
although the precursor fatty acid, 18:3n-3, increased in the milk of Chongqing 
Chinese women. 
The total milk fat was determined by the amount of heptadecanoic acid 
added. It was found that the milk fat in Chongqing Chinese human milk was much 
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Table 3.3. Human miUc fatty acid composition (% total fatty acids) ofHong Kong and 
Chongqing Chinese at different stages of lactation* (Continued on next page). 
Fatty acid Colostrum Week2 Week4 Week6 
Sum Saturated Chongqing~~41.35t5.62^~~42.63±4.90^~~~39.95±3.91^'~~37.37士3.90' 
Hong Kong 37.94土4.55# 39.08t4.43^ 37.98±4.81 36.80±3.99 
Monounsaturated 
16:lA9c Chongqing 2.43i0.53 2.42±0.62 2.75±0.67 2.28±0.61 
• HongKong 1.85±0.38^ 2.44i0.55' 2.51±0.52' 2.34±0.64' 
16:lA7c Chongqing 0.63t0.07' 0.61±0.06'^ 0.59±0.06^ 0.52±0.08' 
‘ HongKong 0.59±0.06^ 0.54±0.09^ 0.55+0.10' 0.53±0.08' 
18:lA9c Chongqing 36.27t3.79^ 36.51±3.42^ 37.79±2.65'^ 38.36±2.52' , 
HongKong 34.60±4.76 34.02土3.63# 34.17士3.39# 34.92士2.63# j 
Sumotherl8: lc Chongqing 2.32±0.28' 2.15±0.24' 2.24±0.32^' 2.27±0.3r' 
Hong Kong 2.36土0.92 2.07t0.75 2.00+0.73 2.35±0.28 
20:lAllc Chongqing 0.89±0.25^ 0.77+0.23^ 0.86±0.32^ 1.39±0.44' 
HongKong 0.99±0.27' 0.73±0.25^ 0.66±0.19^ 0.68±0.21^ 
22:lA13c Chongqing 0.37±0.26^ 0.28±0.31^ 0.41±0.24^ 1.29±0.52' 
‘ HongKong 0.25t0.18'^ 0.13t0.08^ 0.12±0.10^ 0.10±0.08^ 
n-6 PUFA 
18:2n-6 Chongqing 10.30±2.18^ 9.76士1.78 10.43±2.21 11.34土3.17 
HongKong 14.85士2.84�# 15.47±2.79 '^^  16.7512.89^ 17.10±2.95^ 
18:3n-6 Chongqing O.lltO.lO 0.09士0.06 0.12t0.06 0.14士0.03 
HongKong 0.09±0.07^ 0.18t0.10^ 0.18±0.09'^ 0.17±0.07'^ 
20:2n-6 Chongqing 0.51±0.09' 0.40±0.13^ 0.39±0.09^ 0.43±0.09 ^ 
HongKong 0.95t0.23 '^  0.60t0.39^ 0.51±0.09^ 0.48±0.00^^ 
20:3n-6 Chongqing 0.48t0.09' 0.39±0.13^ 0.34土0.07° 0.2610.08^ 
HongKong 0.50l0.17' 0.39t0.13^ 0.36t0.14^ 0.3410.11^ 
20:4n-6 Chongqing 0.84t0.24' 0.84±0.20'^ 0.79±0.23^ 0.53±0.16° 
HongKong 0.71±0.19^ 0.60±0.17'^ 0.56土0.16&�# 0.52±0.10' 
22:4n-6 Chongqing 0.23±0.09 ‘ 0.19±0.07'^ 0.16±0.06^ 0.10±0.05� 
HongKong 0.39±0.25'^ 0.16±0.08^ 0.13±0.09^ 0.14±0.08^ 
22:5n-6 Chongqing 0.12t0.08' 0.11t0.08' 0.1010.07' 0.04±0.03 ^ 
HongKong 0.11±0.05 0.07t0.06' 0.08土0.07 0.08土0.07 
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Table 3.3* (Continued). 
Fatty acid Colostrum Week2 Week4 Week6 
n-3 PUFA k 
18:3n-3 Chongqing 0.85±0.28' 0.96±0.24° 1.21±0.38^ 1.73±0.6r 
HongKong 1.27土0.42# 1.15士0.57 1.23土0.64 1.37土0.50# 
20:5n-3 Chongqing 0.01土0.03 0.02t0.03 0.04土0.04 0.03t0.05 
HongKong 0.07±0.14' 0.05±0.0r^ 0.05±0.13'^ 0.02±0.04^ 
22:5n-3 Chongqing 0.23土0.09 0.22±0.06 0.23±0.10 0.20士0.06 
HongKong 0.28t0.17' 0.22+0.13^' 0.19±0.10^ 0.18t0.07^ 
22:6n-3 Chongqing 0.64±0.16' 0.61t0.17'^ 0.54i0.18^ 0.35土0.14� 
HongKong 0.60±0.24' 0.58t0.25' 0.53±0.23'^ 0.48t0.15^ 
I 
Trans fatty acids ！ 
Suml8: l t Chongqing 0.18±0.04^ 0.20±0.04^ 0.20±0.02^ 0.23±0.05' 
HongKong 0.66土0.28# 0.71土0.28# 0.69士0.54# 0.75士0.51# 
Srnn 18:2t Chongqing 0.01土0.02 0.02±0.02 0.0210.03 0.02±0.03 
HongKong 0.15±0.12# 0.20士0.16# 0.20±0.16# 0.21±0.12# 
TotalmHkfat(g/L) Chongqing 30.1士11.8" 39.7tl4.9' 41.3tl9.7' 43.5±18.6a 
HongKong 23.9tl6.1^ 38.7t22.6^ 33.8±19.8a 37.3±23.6^ 
*Data are expressed as mean 士 SD. 
a>b,c,d Means in the same row with different superscripts differ significantly at p<0.01. 
林 Difference between Chongqing and Hong Kong is significant at p<0.01. 
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higher than Hong Kong Chinese and Canadian human miUc, whereas the latter two 
contained similar amount of milk fat (Table 3.2). The total milk fat increased 
significantly when lactation progressed from colostrum (week 1) to week 6 in both 
Chongqing and Hong Kong Chinese women (Table 3.3). 
3.5 Discussion 
3.5.1 Trans fatty acid in human milk 
The most striking observation of the present study was the percentage of , 
！ 
trans fatty acids in Canadian human milk was much higher than that in Chongqing 
t 
and Hong Kong Chinese women. Since these trans fatty acids are not synthesized 
I 
in human, they must be of dietary origin. Li fact, the fatty acid composition of 
} I 
human miDc reflected the fatty acid content of the previous diet by a 8 to 10 hours 
i 
delay (Hachey et al., 1987). Therefore, the percentage of trans fatty acids in human 
I 
miUc could reflect that in diet. Several studies have shown that the consumption of 
trans fatty acids from margarine and shortening in westem countries was high 
(Hunter and Applewhite, 1986; Enig et al., 1990; Ratnayake et al., 1993). Jn 
contrast, it is common that natural vegetable oils containing only trace amount of 
trans fatty acids are consumed mainly in the developing countries. Moreover, 
PHVO is seldom used in processing of the traditional Chinese food. Therefore, it 
was no doubt that low level of trans fatty acids content was found in Chongqing 
Chinese human miUc. The present study suggests that trans fatty acids of human 
milk reflect the amount found in matemal diet, ln fact, a linear relationship 
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between matemal and dietary 18:lt in lactating women has been reported (Craig-
Schmidt et al., 1984). Although it was much lower compared with that of those in 
many Westem countries, it should be noted that trans fatty acids in Hong Kong 
Chinese human miDc were relatively higher than those of Chongqing Chinese. This 
may suggest the increasing trend of westem dietary habits and the availability of 
trans fatty acids-containing foods in Hong Kong. Li fact, the Westem style fast 
foods are getting popular in Hong Kong. 
It was shown that human milk could be a source of trans fatty acids to , 
infants (Chen et al., 1995; Wolff, 1995). However, no study has been reported on ‘ 
|丨 
the health consequence of intake large dosage of trans fatty acids from human milk 
i 
I 




3.5.2 Content of LCPUFA in human milk 
Another major difference in fatty acid composition between Chinese and 
Canadian human milk was the amount of LCPUFA including mainly 20:4n-6 and 
22:6n-3. The Chinese human miUc contained more 20:4n-6 and 22:6n-3 than those 
of Canadian human miUc. Li contrast, trans fatty acids were higher in the latter. It 
was speculated that the difference in 20:4n-6 and 22:6n-3 in human miUc among 
these two populations could be due to the following possibilities. Firstly, low level 
of20:4n-6 and 22:6n-3 in Canadian human miUc was due to a lower intake ofthese 
fatty acids in Canadian than that of Chinese. It was no doubt that matemal diet was 
the most influential factor on the fatty acid composition ofhuman milk. This could 
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be illustrated fi:om the fact that the human miUc of lactating women whose diet 
based on marine mammal flesh contained more 22:6n-3 than those consuming 
mixed Westem diet (Lmis and Kuhnlein, 1988). Jn fact, it was also showed that the 
ratio of polyunsaturated to saturated in human miUc could be partially influenced by 
dietary trans fatty acids (Aitchison et al., 1977). 
3.5.3 Content of 18:2n-6 in human milk 
A significant higher amount ofl8:2n-6 was found in the milk ofHong Kong 
Chinese women than that of Chongqing Chinese women. Both populations are ‘ 
I 
Chinese, yet they have different eating habits. Populations in Chongqing have a 
more traditional life style and rely on foods provides by the nearby farms. Fish is 
not generally accessible. The general belief is that for the first month postpartum, 
women have to replenish their body nutrient stores by consuming eggs, chicken and 
pork meats. Eating more than 8 eggs and 150g chicken is not uncommon. Fruits 
are considered to be ‘cold，food and not commonly to be consumed. Milk and dairy 
products is never a food item during pregnancy and lactation. Whereas in Hong 
Kong, the people have a sedentary life and the diet is partially westernized. On 
average, a lactating Hong Kong Chinese woman drinks a glass of mi1k and eats a 
slice of bread for breakfast. During the pregnancy and lactation, Hong Kong 
women consume more fruits than Chongqing Chinese women (Table 3.1). It was 
unexpected that the total energy intake in Hong Kong lactating women was only 
1808.7 kcaVday probably because they wish to get back to pre-pregnant body shape 
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by consuming lesser total energy. During the period studied, some of their infants 
were fed by combination of milk and infant formula. For cooking, com oil and 
canola oil were commonly used. It is known that the dietary fats from egg, chicken 
and pork contain lesser amount of 18:2n-6 than those from vegetable oils. 
Therefore, the difference in the content of 18:2n-6 in the miUc between Chongqing 
Chinese and Hong Kong Chinese women may be attributed to a higher consumption 
of eggs and animal fats in the former and a higher consumption ofvegetable oils in 





3.5.4 Fat content in Hong Kong and Chongqing Chinese human milk 
{ I 
The milk fat is the main source of calories for infants. The data for both ‘ 
f { 
Hong Kong and Chongqing Chinese suggests that the total miUc fat changes ' 
\ 
• 1 
significantly with the duration of lactation (Ferris and Jensen, 1984). A study 
followed the changes in miUc lipid classes for 36 days after delivery, and found a 丨 
I 
1.9-fold increase in the total milk triacylglycerol with milk phospholipids being 
unchanged and cholesterol being decreased by 1.7-fold during the period studied 
(Harzer et al., 1983). This indicates that the synthesis of milk triacylglycerol in 
mammary gland is increased when lactation progressed. The mechanism by which 
the total triacylglycerol content increases with the duration of lactation remains 
poorly understood, ln this regard, the efficient fat absorption and increased 
requirement for energy by the infants might lead mother to produce the miUc with 
high fat concentration. This may be accompanied by an increase in the activity of 
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fatty acid synthase in mammary gland, an increase in the size of fat globules in miDc 
and an increase ofcarbohydrate in matemal diets (Jensen et al., 1978). 
Higher milk fat content was found in milk of Chongqing Chinese women 
comparing with that ofHong Kong Chinese women. It was probably due to higher 
intake of calories in the former. 
3.6 Conclusion 
The results of the present study are unique because there are few , 
\ 
longitudinal and cross-cultural reports of the fatty acid composition of the milk 
1) 
t 丨, 
available. Compared with those in the miUc of Canadian or other developed 
I 
countries, the milk LCPUFA including mainly 22:6n-3 and 20:4n-6 are abundant ‘ 
c 丨  
and the tram fatty acids are lower in that of Chinese women. These differences in : 
t 
the miUc LCPUFA between Chinese and Canadian women were independent of j 
levels of precursor EFA, 18:2n-6 and 18:3n-3. Compared with that of Chongqing 丨 
I 1 ‘ 
Chinese women, the mi\k of Hong Kong Chinese women contained relative higher 
i 
I 
level of trans fatty acids, suggesting the use ofPHVO in Hong Kong. 丨 
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Chapter 4 Trans fatty acids and maternal and neonatal essential 
fatty metabolism 
4.1 Introduction 
The inhibitory effects of trans fatty acids on essential fatty acid ^)FA) 
metabolism in vivo and in vitro have been extensively studied (Anderson et al., 
1975; Mahfouz et al., 1980; Hi l l et al., 1982; Lawson et al., 1983). These studies 
showed that 18:lt and 18:2t isomers exhibited different degree of inhibitory effect ‘ 
! 
on the synthesis of 20:4n-6 from 18:2n-6 through desaturation and elongation \ 
I 




human growth (Koletzko and Braun, 1991). Recent studies found that human : 
\ 
f 
placenta could not completely discriminate trans fatty acids (Koletzko, 1992b). It j 
was thought that the detrimental effects of trans fatty acids might impose on fetus ’ 
I 
I 
as early as in intrauterine growth. Li addition, milk could contain large amount of 
trans fatty acids (Chen et al., 1995). Therefore, it raises the nutritional concern i f 
there is adverse effect of trans fatty acids on biosynthesis of LCPUFA which are 
required for rapid accretion in nervous tissues during fetal and neonatal 
development (Leafet al., 1992; Decsi, 1994). This is prudent to determine between 
the trans fatty acids in matemal diet and those in neonatal tissue phospholipids as 
well as their effect on both matemal and neonatal EFA metabolism since trans fatty 
acids are able to pass partially through placenta and mammary gland. 
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Usually, adult EFA metabolism is expected to be less influenced by dietary 
trans fatty acids since they normally have a larger reserve of 18:2n-6 and receive 
enough supply from daily consumption. However, the reserve ofl8:2n-6 in infants 
is very limited and the EFA metabolism may be vubierable to the impact of trans 
fatty acids (Houwelingen et al., 1992). Meanwhile, a rapid accretion ofn-6 and n-3 
LCPUFA is essential during fetal and neonatal development (Clandinin et al., 1980; 
Koletzko, 1992a). Also, pregnant and lactating mothers have high requirement for 
18:2n-6. Consequently, i f 18:2n-6 is insufficient, high level of trans fatty acids in _ 
• 'I 
matemal diet may limit the intrauterine supply of LCPUFA to fetus and mipau: the : 
1. 
丨, 
neonatal EFA metabolism after birth and possibly growth i f the inhibitory effect is 
severe (Koletzko, 1992b; Decsi and Koletzko, 1995). ‘ 
t> i 
It was well known that the suppression of biosynthesis of 20:4n-6 exerted by ； 
): 
1 
trans fatty acids was due to competitive inhibition of A6 and A5 desaturase O^lLtnan j 
and Sprecher, 1971; Mahfouz et al., 1980). Thus, trans fatty acids wi l l inhibit I 
! 
LCPUFA synthesis only when 18:2n-6 is inadequate. However, some animal 
I 
studies did show the suppression ofEFA metabolism although appreciable amount 
of 18:2n-6 was supplied in the diet (Hil l et al., 1982; Kirstein et al., 1983; Lawson 
et al., 1983; Svensson, 1983; Berdeaux et al., 1996). Therefore, it is necessary to 
know the minimal requirement of 18:2n-6 in both pregnant women and neonates to 




4.2.1 Experiment 1 
The aim of experiment 1 was to study the relationship between the trans 
fatty acids in matemal diet and those in rat miUc and neonatal tissue phospholipids 
by feeding pregnant rats with two levels of dietary trans fatty acids. The inhibitory 
effect of trans fatty acids on matemal and neonatal EFA metabolism wi l l also be 
examined. 
• 
, I 4.2.2 Experiment 2 
i 
\. 
The aim of experiment 2 was to determine the minimal requirement of 
> 
dietary 18:2n-6 to counteract the inhibitory effect of 18:2t isomers on both matemal • 
t 
and neonatal EFA metabolism. This was done by monitoring the change in the ； 
1 
't 
content of 20:4 trans isomers (20:4t) in matemal and neonatal liver phospholipids 
fed a fixed amount of 18:2t with varying levels of 18:2n-6 supplement. Since rats 
I 
have been found to utilize free fatty acids as equally well as triacylglycerol or fatty 
I 
acid methyl esters (FAME), 18:2n-6 was supplemented in the form of free fatty acid 
and was mixed with PHCO (Chen, 1979). 
4.3 Materials and Methods 
4.3.1 Animals and Diets 
Experiment 1. Three groups of female Sprague-Dawley rats (n=10 each, 2 
rats/cage) were kept in animal room at 25°C in 12hr light-dark cycle. The animals 
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were assigned to three semi-synthetic diets containing varying amount oitrans fatty 
acids. The composition ofthe semi-synthetic diet (Teklad, Madison, WI, USA) is 
shown in Table 4.1. Group A was fed a diet containing 15% (by weight) partially 
hydrogenated canola oil (PHCO) which was supplied by CanAmara Foods 
(Toronto, Ontario, Canada); Group B was fed a diet containing 10.5% PHCO and 
4.50/0 canola oil (CO) ； Group C was fed a diet containing 15% CO which was 
donated by Lam Soon Oils and Fats Co. (Hong Kong). The amount oftotal trans 
fatty acids was 26.0%, 18.3% and 0.61 %, respectively (Table 4.2). The female rats ^ 
• I 
were fed one ofthe three diets for 8 weeks prior to pregnancy, through gestation (3 
4 (] 
\：： 
weeks) and lactation (3 weeks). The female rats were mated by one week pairing 
with the release of a vaginal plug taken as a sign of successful conception. The •： 
/ f； 
pregnant rats were kept individually prior to delivery. Litter size was adjusted to 10 ^ 
ii ?i 
pups. One neonate from each dam was killed at day 5, day 12 and day 26 of | 
lactation. The neonatal liver was excised and stored at -20°C until analysis. The j 
• I 
food intake and body weight were summarized in Table 4.3. , 
‘ !i 
Experiment 2. Six groups offemale Sprague-Dawley rats (n=8 each, 4 rats/ | 
cage) were fed one of six semi-synthetic diets (Table 4.1). Group A and C were fed 
the same diet as that of Experiment 1. Group D, E, F, and G were fed diet 
containing 15% PHCO with varying level of 18:2n-6 supplement (0.25%, 0.50%, 
1.25% and 2.00% energy ofthe diet, respectively). It should be noted that Group G 
in experiment 2 was carried out later. The purpose of this group was to verify the 
result obtained previously from Group A, D-F. The fatty acid composition of the 
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Table 4.1 Ingredients of the semi-synthetic diet. 
Ingredients Percentage (by weight) 





Mineral mix AJN-16A^ 3.5 
Vitamin mix AIN-76^ 1.0 
Choline bitartrate^ 0.4 
DL-methionine^ ^ 
a Canola oil (CO) was donated by Lam Soon Oils and Fats Co. (Hong Kong). 
PHCO was supplied by CanAmera Foods (Toronto, Ontario, Canada), 
b ]bgredients were purchased from Harlan Teklad ^Madison, WI, USA). ^ 
c Sucrose was purchased from a local supermarket. | 
















Table 4.2 Fatty acid composition (% total fatty acids) of the diets ^;xperiment 1)*&. 
Fatty acid _ A 5 ^ 
Sum Saturated 12.87±0.05 10.08士0.07 8.95+0.39 
Monounsaturated 
16:lA9c 0 . 1 9 1 0 . 0 1 0.17+0.01 0.26+0.02 
18:lA9c 4 8 . 7土 0 . 0 4 5 1 . 6士 0 . 1 8 5 5 . 6 9 ± 0 . 2 9 
Sumother l8: lc 6.95士0.13 6.20+0.24 3.29士0.03 
20 : lA l l c 0.91±0.05 1 . 5 5 ± 0 . 0 5 1.91+0.12 
22:lA13c 0.33+0.02 0.36+0.01 0 . 3 3 ± 0 . 0 2 
SumMono. 57.07士0.10 59.88±0.12 61.48±0.40 
Polyunsaturated 
18:2n-6 1.71±0.40 7.33i0.17 20.60±0.05 
18:3n-3 0.00土0.00 2.18土0.09 7.25l0.02 ； 
！ 
Trans fatty acids 
18:lt 22.17±0.15 15.26±0.28 0.00+0.00 
18:2A9t,12t 0 . 2 8 ± 0 . 0 0 0.22±0.00 0 . 0 0士 0 . 0 0 
18:2A9c,13t 1 . 3 6土 0 . 0 1 0 . 9 7 ± 0 . 0 2 0 . 0 0土 0 . 0 0 
18.:2A9c,12t 1 . 0 6土 0 . 0 1 0 . 8 3土 0 . 0 1 0 . 1 8土 0 . 0 0 
18:2A9t,12c 1 . 2 9士 0 . 0 1 1 . 0 0 + 0 . 0 2 0 . 1 8土 0 . 0 0 
Sum 18:2t 3.80士0.13 3.02土0.05 0.35+0.01 
Sum trans 25.97±0.17 18.29±0.33 0.61士0.01 
* Data are expressed as mean 土 SD of n=3 samples. 
a Diet A : 15% (wt %) ofPHCO; Diet B: 10.5%PHCO + 4.5%CO; Diet C: 15% CO 
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Table 4.3 Food intake and body weight of animals ofExperiment 1 and 2*. 
Experiment 1 A B C 
Food intake (g/'day)" 19.3 20.7 19.7 
Body weight (g) 
Matemal (n=10) 
Mt ia l 170±2 173±3 164土2 
Final 398±30 441±21 405±45 
u 
Neonatal 
Day5 12.2±0.7 11.0+0.8 12.7±0.7 
D a y l 2 23A+2.3 20.9±1.17 21.6±3.0 
Day26 52.3士5.0 61.3土3.9 68.6±9.3 
Experiment 2 A D E F G C _ 
Foodintake(g/day)" 20.0±1.5 19.011.0 18.8土1.0 18.1土0.7 19.6+1.7 20.81.2 
Body weight (g) 
Matemal (n=8) 
M t ia l 183±7 185±12 183±7 186±7 191±14 182±7 
Final 302±27 324t23 314±31 310±17.7 318±13.2 322±24.6 
Neonatal。 
Atterm 5.4±0.5 5.9土0.6 5.6土0.7 6.8土0.6 5.3t0.5 6.7土0.4 
Pay26 64.9土10.3 60.3±6.6 69.7t4.9 65.8土4.9 48.913.9 61.7士8.9 
* Data are expressed as mean 土 SD. 
a Food intake was measured three times a week. 
b One pup in each dam was killed on day 5, 12 and 26 oflactation, n=6 samples, 
c One pup in each dam was killed at term and day 26 oflactation, n=5 samples. 
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diets is listed in Table 4.4. Feeding schedule was carried out exactly the same as in 
Experiment 1. Except pups were killed at term and day 26 oflactation. Food intake 
and body weight were summarized in Table 4.3. 
4.3.2 Milk collection 
An apparatus was designed to collect rat miUc O^igure 4.1). MiDc samples 
were collected at day 5 and day 12 of lactation. Since the dam size have been 
adjusted to equal or similar to each other after delivery, the amount of miUc 
produced as well as the ingredients were assumed to be equal among each dam. 
Before collection, dams wi l l be removed from their pups at least 4 hours. MiUdng 
wi l l be performed on halothane-anaesthetized rat approximately 5 minutes after an 
intraperitoneal injection of 0.4 KJ/kg oxytocin (Sigma Chemicals Co., St. Louis, 
MO, USA) to induce milk letdown. About 0.2 to 0.5 ml of miDc could be collected 
in each lactating rat, which permitted a quantitative measurement of miUc fatty acid 
composition. 
4.3.3 Fatty acid analysis 
Lipids were extracted from 300mg of liver and miUc by using 15ml CHCl3-
MeOH (2:1 voWol) and 3ml of saline. The samples were homogenized by 
Brinkmann Polytron (Luceme, Switzerland) in ice bath for 1 minute. Lipid extracts 
of liver were dried under a gentle stream of nitrogen followed by redissolving in 
chloroform. Phospholipids of liver were isolated by thin layer chromatography 
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Table 4.4. Fatty acid composition (% total fatty acids) of the diets OExperiment 2)*®. 
Fatty acid A D E F G C 
Sum Saturated 12.87±0.05 12.91±0.10 15.04±4.36 12.13士0.53 10.27±0.07 8.95士0.39 
Monounsaturated 
16:lA9c 0 . 1 9士 0 . 0 1 0 . 1 9土 0 . 0 0 0 . 1 7 1 0 . 0 1 0.17±0.02 0 . 1 4土 0 . 0 0 0.26l0.02 
18:lA9c 4 8 . 7 0土 0 . 0 4 48.30±0.08 47.70±0.30 46.75±0.11 45.55l0.31 5 5 . 6 9 ± 0 . 2 9 
Sumother l8: lc 6.95士0.13 6.83±0.14 6.87±0.08 6.82±0.00 7.34土0.07 3.2910.03 
20 : lA l l c 0 . 9 1士 0 . 0 5 0 . 8 8士 0 . 0 2 0.97t0.04 0.87+0.12 1 . 0 3士 0 . 0 2 1.91+0.12 
22:lA13c 0 . 3 3士 0 . 0 2 0 . 3 1土 0 . 0 1 0 . 3 3 ± 0 . 0 1 0.30±0.02 0 . 3 6士 0 . 0 1 0 . 3 3 ± 0 . 0 2 
SumMono. 57.07士0.10 56.51i0.15 56.04±0.25 54.90±0.22 54.43士0.38 61.48±0.40 
^ Polyunsaturated 
18:2n-6^ 1 . 7 1士 0 . 4 0 2 . 7 5士 0 . 0 3 3 . 5 5土 0 . 0 9 5.91±0.11 8.56±0.20 20.60±0.05 
18:3n-3 0.0010.00 0 . 0 0土 0 . 0 0 0 . 0 0土 0 . 0 0 0 . 0 0土 0 . 0 0 0.00±0.00 7.25±0.02 
Trans fatty acids 
18:lt 2 2 . 1 7土 0 . 1 5 2 1 . 9 8士 0 . 0 8 21.98±0.23 21.12±0.05 2 0 . 6 0士 0 . 0 8 0 . 0 0土 0 . 0 0 
18:2A9t,12t 0 . 2 8 ± 0 . 0 0 0 . 2 5土 0 . 0 0 0.23l0.04 0 . 2 6土 0 . 0 1 0.30±0.01 0 . 0 0土 0 . 0 0 
18:2A9c,13t 1 . 3 6土 0 . 0 1 1 . 3 3土 0 . 0 1 1.27±0.07 1.28±0.01 1.32±0.01 0 . 0 0土 0 . 0 0 
18:2A9c,12t 1 . 0 6士 0 . 0 1 1.04±0.01 1 . 0 0土 0 . 0 4 1 . 0 0 + 0 . 0 0 1 . 0 4 ± 0 . 0 2 0 . 1 8 ± 0 . 0 0 
18:2A9t,12c 1 . 2 9土 0 . 0 1 1.28±0.02 1.24±0.02 1 . 2 3土 0 . 0 1 1.28±0.02 0 . 1 8土 0 . 0 0 
Sum 18:2t 3.80i0.13 3.75土0.11 3.67土0.08 3.78i0.02 3.94+0.05 0.35+0.01 
Sum trans 25.97±0.17 25.73土0.13 25.64±0.30 24.90土0.07 24.54+0.08 0.61士0.01 
* Data are expressed as mean 士 SD of n=3 samples. 
a Diet A : 15% (by wt) ofPHCO; Diet D: 15% PHCO + 0.25%energy 18:2n-6; Diet E: 15% PHCO + 0.5%energy 18:n-6; 
Diet F: 15% PHCO + 1.25%energy 18:2n-6; Diet G: 15% PHCO + 2.00% energy of l8:2b-6; Diet C: 15% CO 
b Total energy of l8:2n-6 in diet (%): A: 0.56;D: 0.81;E: 1.06;F: 1.81;G:2.56; C: 6.30. 
'S^ q]|f^%^ ^ ^ 
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Figure 4.1. The miUc coUecting device. 
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. (TLC) using a developing solvent system of hexane/diethyl ether/acetic acid 
(80:20:1, voLVoVvol) at room temperature. 2,7-Dichlorofluescein (0.2% in ethanol) 
(Sigma Chemicals Co., St. Louis, MO, USA) was sprayed to the TLC plate (20 x 20 
cm, precoated with 250^m silica gel 60A; Macherey-Nagel, Duren, Germany) and 
phospholipids were visualized under UV light. The liver phospholipids and rat 
milk total lipids were transmethylated to FAME by 14% BF3 in methanol and 
toluene (2:1，voWol) at 90°C for 45 minutes. The FAME were analyzed by GLC 
using a SP-2560 flexible fused silica capillary column (100m x 0.25 nun i.d., 20 ^m 
film thickness; Supelco, Inc., Bellefonte, PA, USA) in a Hewlett-Packard 5890 
Series H gas chromatograph equipped with flame ionization detector (Palo Alto, 
CA, USA). Column temperature was programmed from 180°C to 220°C at a rate of 
l。C /minute, and then held at 220°C for 30 minutes, ln the analysis of miUc fat, the 
column temperature was programmed from 150°C to 180°C at a rate of 0.5°C/min, 
and then to 210°C at a rate of 3°C/min. Mjector and detector temperatures were set 
at 250°C. Hydrogen was used as the carrier gas at a head pressure of20 psi. 
Two typical gas chromatograms of FAME fi:om miDc and liver lipids of rat 
fed by PHCO diet are shown in Figure 4.2 and 4.3，respectively. 
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Figure 4.2. A typical chromatogram of the fatty acid methyl esters from 
mHk ofrat fed PHCO diet. Peak are identified as: 1，10:0; 2, 12:0; 3, 14:0; 
4，14:lA7c; 5, 15:0; 6，16:0; 7，16:lA7t; 8，16:lA7c; 9，16:lA9c; 10，17:0 
(internal standard); 11，17:lA10c; 12, 18:0; 13，18:lt; 14，18:l(A6-A10)c; 
15，18:lAllc; 16，18:lA12c; 17，18:lA13c; 18，18:lA14c+18:lA16t; 19， 
18:2t,t + 18:lA15c; 20, 18:2A9t,12t; 21, 18:2A9c,13t; 22, 18:2A9c,12t + 
18:2A8c,13c + 18:2A9t,13c; 23, 18:2A9t,12c; 24, 18:2n-6; 25, 
18:2A9c,15c; 26, 20:0; 27, 18:3n-6; 28, 20 : lA l l c ; 29, 18:2 conjugates; 30， 
20:2A8c,14c; 31, 20:2n-6; 32, 20:3n-9; 33，20:3n-6; 34, 20:4n-6. 
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Figure 4.3. Two typical gas chromatograms of fatty acid methyl esters from Uver of rat 
fed CO (upper) and PHCO (lower) diets. Peak are identified as: 1，14:0; 2，15:0; 3，16:0; 
4，16:lA7t; 5，16:lA7c; 6，16:lA9c; 7，17:0 (internal standard); 8，18:0; 9, 18:l(A7-All)t; 
10，18:l(A12-A15)t; 11，18:l(A6-A10)c; 12, 18:lAllc; 13，18:lA12c; 14，18:lA13c; 15， 
18:lA14c + 18:lA16t; 16，18:2t,t + 18:lA15c; 17，18:2A9t,12t; 18，18:2A9c,13t; 19， 
18:2A9c,12t + 18:2A8c,13c + 18:2A9t,13c; 20，18:2A9t,12c; 21, 18:2n^; 22， 
18:2A9c,15c; 23，20:0; 24，18:3n-6; 25, 20: lAl lc; 26，20:2A8c,14c; 27, 20:2n>6; 28, 
20:3n-9; 29, 20:3A5c,8c,14c; 30，20:3A5c,llc,14c; 31，20:3n-6; 32，20:4A5c,8c,Hc,15t; 
33，20:4A5c,8c,llc,14t; 34，20:4n^; 35, 22:2; 36，20:5n-3; 37，24:1; 38, 22:4n-6; 39, 
22:5n-6; 40，22:5n-3; 41，t-22:6n-3; 42，22:6n-3. 
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4.4 Results 
4.4.1 Experiment 1 
4.4.1.1 Relationship between the trans fatty acids in maternal diet and those in milk 
The fatty acid composition of rat miUc at day 5 and day 12 is shown in 
Table 4.5-6. The contents of milk trans fatty acids between these two days were 
quite consistent among three groups. Therefore only the data at day 12 were 
presented. The amount of trans fatty acids in milk of Group A, B and C was 
11.86%，8.37% and 0.23% of the total milk fat, respectively. A clear linear • 
relationship was found between the amount of trans fatty acids in matemal diet and ‘ 
that in rat milk ^ q . l : Y = 0.58X + 0.27，Figure 4.4), where Y and X were the 
percentages oftotal trans fatty acids in miDc and in the matemal diet, respectively. 丨 
f 
A linear relationship between the percentage of 18:lt and 18:2t isomers and that in 
( 
4 






4.4.1.2 Relationship between the trans fatty acids in maternal diet and those in 
neonatal liver 
The fatty acid composition of neonatal liver phospholipids at day 5, 12 and 
26 of lactation are shown in Table 4.7-9. Linear correlation were found between 
trans fatty acids in matemal diet and those in neonatal liver phospholipids on day 5, 
12 and 26. However, as seen in Figure 4.5，the incorporation of trans fatty acids 
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Table 4.5. Fatty acid composition of rat milk (% total fatty acids) at day 5 
oflactation ^Experiment 1)*. 
Fatty acid A (n=4 samples) B (n=10 samples) C (n=7 samples) 
Sum Saturated 25.99+2.73 24.95+3.4 27.22+3.28 
Monounsaturated 
16:lA7c 0.29t0.19 0.57±0.16 0.56±0.27 
16:lA9c 0.54i0.60 1 . 0 2 ± 0 . 1 8 0.74±0.35 
18:lA9c 45.89t2.79 46.06±2.17 44.66±3.22 
Sumotherl8: lc 4.62±1.00 4.76±1.01 2.78t0.34 
20 : lA l l c 1 . 5 8 + 0 . 1 6 0.95士.36 1 . 4 7 ± 0 . 1 1 
20:lA13c 
SumMono. 52.93+2.38 53.37±2.74 50.21±3.62 
B 
n-6 PUFA I 
18:2n-6 1.71±0.10 5.22±0.37 12.46t0.76 > 
18:3n-6 0.27±0.02 0.31+0.05 0.68土0.06 
20:2n-6 0.20土0.02 0.27±0.12 0.59±0.26 
20:3n-6 0.11土0.01 0.21i0.12 0.60土0.21 
20:4n-6 0.41土0.05 0.78+0.09 1.17+0.09 
22:4n-6 0.13±0.05 0.13+0.22 0.22+0.16 
22:5n-6 0.03+0.03 0.00士0.00 0.00士0.00 i 
Sumn-6 PUFA 2.87i0.17 7.07±0.80 15.57±1.23 
n-3 PUFA ‘； 
18:3n-3 0.00t0.00 1 . 1 0 ± 0 . 2 3 2 . 8 2土 0 . 3 6 : 
20:5n-3 0 . 0 6士 0 . 0 4 0 . 1 0士 0 . 1 3 0.52±0.06 ； 
22:5n-3 0 . 0 0士 0 . 0 0 0 . 0 4土 0 . 1 2 0 . 2 7士 0 . 1 9 ！ 
22:6n-3 0 . 0 0土 0 . 0 0 0.20+0.31 0 . 2 4 ± 0 . 1 7 ！ 
Sum n-3 PUFA 0.06+0.04 1.44士0.38 3.84土0.55 
Trans fatty acids 
16:lA7t 0.35±0.31 0 . 6 8 ± 0 . 2 2 0.00t0.00 
16:lA9t 0 . 0 6土 0 . 0 4 0.05±0.08 0 . 0 0土 0 . 0 0 
18:lt 11.62±1.43 8.94i0.80 0.27t0.19 
18:2A9t,12t 0.55+0.03 0.22+0.19 0 . 0 0士 0 . 0 0 
18:2A9c,13t 1.04+0.02 0.94i0.70 0.01+0.02 
18:2A9c,12t 0 . 7 4土 0 . 0 3 0 . 5 7 + 0 . 0 3 0 . 1 0士 0 . 0 7 
18:2A9t,12c 0.89±0.05 0.68±0.04 0 . 0 6士 0 . 0 6 
Sum 18:2t 3.23土0.12 2.19士0.20 0.17土0.13 
Sum trans 15.26士1.60 12.15±0.93 0.44±0.20 
*Data are expressed as mean 土 SD. 
Diet A: 15% PHCO; Diet B: 10.5% PHCO + 4.5% CO; Diet C: 15% CO. 
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Table 4.6. Fatty acid composition of rat milk (% total fatty acids) of at day 12 of 
lactation fExperiment 1)*. 
Fatty acid A (n=6) B (n=10) C (n=7) 
Sum Saturated 30.44+3.35 33.09±2.1 34.7+5.3 
Monounsaturated 
16:lA9c 1.08±0.28 0.84±0.19 0.72±0.28 
16:lA7c 0.36±0.06 0 . 3 7 ± 0 . 0 4 0 . 4 4土 0 . 0 8 
18:lA9c 43.56±2.39 41.2±1.78 40.58±3.61 
Sum other l8: lc 3.8土1.44 3.86±1.02 2.24+.22 
20 : lA l l c 1.31±0.24 0.83+0.20 1.25+0.11 
20:lA13c 
SumMono. 50.10±2.40 47.09士1.65 45.23l4.21 
• 
n-6 PUFA ！ 
18:2n-6 1 . 5 8土 0 . 0 6 4.80+0.17 12.15±0.73 > 
18:3n-6 0 . 2 1 t 0 . 0 6 0 . 3 1土 0 . 0 6 0 .61±0.04 
20:2n-6 0.17t0.03 0 . 2 6士 0 . 0 6 0.56±0.08 
20:3n-6 0 . 0 9土 0 . 0 8 0.19+0.03 0.30+0.04 . 
20:4n-6 0.22±0.03 0.46+0.06 0.70+0.04 : 
22:4n-6 0.00+0.00 0.07+0.06 0.12+0.02 ‘ 
22:5n-6 0.00士0.00 0.00土0.00 0.00+0.00 | 
Sumn-6 PUFA 2.27t0.18 6.10±0.20 14.44t0.75 ^ 
n-3 PUFA 
18:3n-3 0 . 0 0士 0 . 0 0 1 . 0 5 ± 0 . 1 0 3.21t0.24 ； 
20:5n-3 0 . 0 0土 0 . 0 0 0 . 1 3土 0 . 0 6 0 . 3 8土 0 . 0 6 : 
22:5n-3 0 . 0 0 + 0 . 0 0 0.02±0.04 0 . 1 9士 0 . 1 0 ； 
22:6n-3 0.00+0.00 0.08±0.07 0.20+0.06 
Sum n-3 PUFA 0.00+0.00 1.28+0.09 3.97+0.29 
Trans fatty acids 
16:lA7t 0 . 4 4土 0 . 1 1 0 . 4 4土 0 . 0 6 0 . 0 0土 0 . 0 0 
16:lA9t 0 . 0 6士 0 . 0 3 0 . 0 5士 0 . 0 3 0 . 0 0士 0 . 0 0 
1 8 : l t 1 1 . 8 6土 0 . 9 2 8.37土0.43 0 . 2 3土 0 . 0 7 
18:2A9t,12t 0 . 5 5土 0 . 0 5 0.37±0.02 0 . 0 0土 0 . 0 0 
18:2A9c,13t 1.01±0.06 0.67+0.03 0.00+0.00 
18:2A9c,12t 0.72+0.04 0.54+0.02 0.14+0.01 
18:2A9t,12c 0 . 9 1土 0 . 0 4 0.64+0.03 0 . 1 1土 0 . 0 1 
Sum 18:2t 3.19士0.18 2.22±0.09 0.25t0.02 
Sum trans 15.54土1.09 11.08±0.49 0.48土0.08 
*Data are expressed as mean 土 SD. 
Diet A: 15% PHCO; Diet B: 10.5% PHCO + 4.5% CO; Diet C: 15% CO. 
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Figure 4.4. Relationship between the trans fatty acids in matemal diet and those 
in rat milk ^Experiment 1). Data are expressed as mean 土 SD, n=6 samples. 
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Table 4.8. Fatty acid composition (% total fatty acids) of neonatal liver 
phospholipids at day 12 of lactation OExperiment 1)*. 
Fatty acid A B C 
Sum Saturated 39.5±2.26 41.00土1.25 42.96±1.05 
Monounsaturated 
16:lA9c 0.39±0.01 0.26t0.02 0.19±0.02 
16:lA7c 0.27±0.03 0.24士0.03 0.21土0.01 
18:lA9c 15.93t0.67 10.35土1.01 8.36t0.47 
Sum o ther l8 : l c 4.56±0.16 3.27±0.18 2.95土0.14 
2 0 : l A l l c 0.33土0.02 0.31士0.02 0.44±0.08 
SumMono. 21.49土0.72 14.51±1.02 12.50l0.50 
n-9 P U F A 
20:3n-9 4.92t0.47 0.34t0.08 0.23土0.12 ‘ 
！ 
n-6 P U F A 
18:2n-6 3.89士0.21 4.85土0.64 7.37土0.50 
20:2n-6 0.39土0.06 0.16t0.08 0.38±0.05 
20:3n-6 0.74土0.11 0.71土0.17 0.67土0.03 
20:4n-6 11.26土1.64 16.06土1.03 19.14士0.53 '^ 
22:4n-6 0.51±0.06 0.45±0.14 0.40土0.04 ： 
22:5n-6 2.67土0.19 0.21土0.04 0.05士0.03 ^ 
Sumn-6 PUFA 19.47±1.94 22.44±1.23 28.00±0.65 \ 
n-3 PUFA 丨 
18:3n-3 0.00士0.00 0.04±0.04 0.26土0.01 ； 
20:5n-3 0.06土0.08 0.35士0.16 0 .38 t0 .11 丨 
22:5n-3 0.00士0.00 0.86土0.29 2.23t0.23 ^ 
22:6n-3 4 . 5 2 ± 0 . 8 9 12.40土0.80 10.22i0.72 | 
Sum n-3 PUFA 4.57±0.85 13.64士0.93 13.09士0.87 J 
、 
Trans fatty acids 
16:lA7t 0.37±0.02 0.40士0.02 0.20±0.03 
16:lA9t 0 .04i0 .05 0.09士0.04 0.02土0.02 
18:lt 5 . 6 2 ± 0 . 5 7 4.55t0.38 0.21土0.04 
18:2A9t,12t 0.44土0.06 0.24±0.10 0.00士0.00 
18:2A9c,13t 0 .35i0.05 0.12±0.06 0.00士0.00 
18:2A9c,12t 0 . 2 2 ± 0 . 0 3 0.13土0.02 0.12士0.11 
18:2A9t,12c 0 .60i0 .06 0 . 1 7 ± 0 . 0 4 0.06士0.01 
Sum 18:2t 1.61±0.19 0.66t0.17 0 .18i0 .11 
20:4A5c,8c,llc,15t 0.19士0.04 0.00士0.00 0 .00t0.00 
20:4A5c,8c,llc,14t 0.33土0.04 0.02±0.05 0.18土0.06 
Sum 20:4t 0.53±0.07 0.02士0.05 0.18士0.06 
Sum trans 7.99±0.59 6.24i0.95 0.94t0.17 
*Data are expressed as mean 土 SD of n=6 samples, 
a Diet A: 15% PHCO; Diet B: 10.5% PHCO + 4.5% CO; Diet C: 15% CO. 
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Table 4.8. Fatty acid composition (% total fatty acids) of neonatal liver 
phospholipids at day 12 of lactation OExperiment 1)*. 
Fatty acid _ A B C 
Sum Saturated 37.39±1.65 39.63土1.01 44.70士2.12 
Monounsaturated 
16:lA9c 0.42土0.10 0.18土0.04 0.09+0.05 
16:lA7c 0.30士0.03 0.17土0.02 0.19士0.08 
18:lA9c 16.96±0.56 11.06土1.14 7.38土0.13 
Sum other l8 : l c 5.64±0.25 2.94±0.10 2.53士0.31 
20:lAl lc 0.34土0.03 0.29土0.02 0 . 3 7 ± 0 . 0 4 
SumMono. 23.81t0.78 14.68土1.17 10.88±0.42 
n-9 P U F A 
20:3n-9 7.27±0.91 0.74±0.34 0.19+0.11 供 
f 
n-6 P U F A j 
18:2n-6 5.10士0.65 6.87士0.39 8 .41i0 .19 
20:2n-6 0.71土0.06 0.22±0.01 0.43±0.02 
20:3n-6 0.93士0.07 1.1710.06 0.90士0.08 : 
20:4n-6 9.60±0.90 16.26土0.88 19.10士1.53 〔 
22:4n-6 0.20士0.10 0.29t0.02 0.28土0.04 ； 
22:5n-6 1.74士0.21 0.16士0.12 0.00土0.00 ' 
Smnn-6 PUFA 18.28土1.36 24.97土0.77 29.13土1.59 | 
n-3 PUFA ( 
18:3n-3 0.00±0.00 0.03士0.07 0.2510.02 ？ 
20:5n-3 0.09±0.02 0.39士0.06 0.41+0.04 
22:5n-3 0.00土0.00 1.12t0.07 2.59±0.26 ^ 
22:6n-3 2 .61i0 .32 11.25±0.27 10.21i0.72 j 
Sumn-3PUPA 2.88±0.32 12.79±0.23 13.47士0.79 | 
\ 
Trans fatty acids 
16:lA7t 0.30士0.05 0.34±0.05 0.1010.11 
16:lA9t 0.00土0.00 0.00土0.00 0.0010.00 
18:lt 6.26±0.81 5.32±0.31 0.13t0.20 
18:2A9t,12t 0.00±0.00 0.07土0.11 0.00土0.00 
18:2A9c,13t 0.45土0.07 0.07土0.07 0 .02i0.05 
18:2A9c,12t 0.06士0.11 0.00士0.00 0.00士0.00 
18:2A9t,12c 0.80士0.07 0.23±0.02 0.00士0.00 
Sum 18:2t 1.31±0.22 0.36i0.13 0.02土0.05 
20:4A5c,8c,llc,15t 0.31土0.03 0.00士0.00 0.00士0.00 
20:4A5c,8c，llc，14t 0.45土0.03 0.06±0.09 0.05+0.07 
Sum 20:4t 0.75士0.03 0.06士0.09 0.05土0.07 
Sum trans 8 . 75 i l . 01 6.15士0.28 0.31土0.24 
*Data are expressed as mean 土 SD of n=6 samples, 
a Diet A: 15% PHCO; Diet B: 10.5% PHCO + 4.5% CO; Diet C: 15% CO. 
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Table 4.8. Fatty acid composition (% total fatty acids) of neonatal liver 
phospholipids at day 12 of lactation OExperiment 1)*. 
Fatty acid A 5 C 
Sum Saturated 30.72土1.52 35.51土0.52 42.15士1.20 
Monounsaturated 
16:lA9c 0.51土0.10 0.28±0.09 0.26土0.15 
16:lA7c 0.29±0.07 0.20土0.03 0.23士0.04 
18:lA9c 16.01土2.05 9.45土0.57 8.18土0.41 
S u m o t h e r l 8 : l c 6.92土0.23 3.72土0.17 3.05土0.27 
2 0 : l A l l c 0.30土0.05 0.27土0.06 0.55土0.15 
SumMono. 24.03±2.26 13.93土0.68 12.60土0.63 
n-9 P U F A 
20:3n-9 8.60土0.53 1.27士0.18 0.19±0.02 , 
I 
n-6 P U F A ； 
18:2n-6 5.56±0.21 6.20±0.48 8.22±0.74 1 
20:2n-6 0.99±0.11 0.17土0.01 0.38+0.11 ： 
20:3n-6 1.02t0.11 0.91土0.09 0.72+0.06 � 
20:4n-6 8.76土0.92 17.80土0.47 20.32+0.68 ^ 
22:4n-6 0.00士0.00 0.19±0.02 0.16土0.01 . 
22:5n-6 1.40士0.44 0.40±0.08 0 . 1 0 + 0 . 0 7 ^ 
Sumn-6 PUFA 17.73土1.30 25.67士0.60 29.90士1.09 | 
n-3 P U F A ‘ 
18:3n-3 0.00土0.00 0.09土0.05 0.27土0.04 | 
20:5n-3 0.09±0.02 0.69士0.10 0.77t0.16 
22:5n-3 0.00士0.00 0.73土0.16 1.01±0.15 ^ 
22:6n-3 1.67±0.21 11.24±0.46 10.91t0.53 1 
Sum n-3 PUFA 1.9510.22 12.75±0.60 12.96土0.60 ； 
I 
Trans fatty acids 
16:lA7t 0.47土0.16 0.41土0.05 0.11土0.03 
16:lA9t 0.08土0.06 0.06t0.03 0.01土0.02 
18:lt 10.23土0.48 7 .58i0.69 0.25土0.10 
18:2A9t,12t 0.33士0.03 0.17土0.10 0.00土0.00 
18:2A9c,13t 0.64土0.06 0.16士0.02 0.00士0.01 
1 8 : 2 A 9 c J 2 t 0.28土0.03 0.16土0.04 0.04±0.07 
18:2A9t,12c 1.28t0.07 0.28土0.03 0.04土0.03 
Sum 18:2t 2.52±0.16 0.76±0.13 0.09±0.10 
20:4A5c,8c,l lc,15t 0.68土0.04 0.08土0.01 0.00土0,00 
20:4A5c,8c,l lc,14t 0.82±0.10 0.22±0.05 0.16土0.08 
Sum 20:4t 1.50土0.10 0.30i0.06 0.16t0.08 
Sum trans 14.63±0.51 9.60土0.31 0.6410.17 
*Data are expressed as mean 土 SD of n=6 samples, 
a Diet A: 15% PHCO; Diet B: 10.5% PHCO + 4.5% CO; Diet C: 15% CO. 
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Figure 4.5. Relationship between total trans fatty acids in matemal diet and 
those in neonatal liver phospholipids ^Experiment 1). 
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into liver phospholipids was more efficient at day 26 CEq.4: Y = 0.55X + 0.49) than 
that at day 5 ^)q.5: Y = 0.28X + 0.84) and day 12 (Eq.6: Y = 0.33X + 0.19). 
4.4.1.3 Content of20:4n-6 in milk and in neonatal liver relative to that in maternal 
diet 
The content of 20:4n-6 in rat miUc decreased from Group C to Group A 
(Table 4.5 and 4.6). As expected, an inverse relationship between the percentages 
of trans fatty acids and 18:2n-6 in matemal diet; and a similar inverse relationship ^ 
between the percentages of trans fatty acids and 20:4n-6 in rat milk, were found ‘ 、1 • \ 1 
(Figure 4.6). It should be noted that the percentage of 18:2n-6 decreased linearly to 
that of trans fatty acids. However, the level of 20:4n-6 in rat milk seemed to be •； 
々 
!^丨 
dropped faster when the amount of trans fatty acids was more than 18.0%. The ^ 
|H ;i 
content ofmi lk 20:4n-6 at day 5 was significantly higher than that at day 12 (Figure � 
4.6). 
/ 
An inverse relationship was also found between the amount of trans fatty \ 
acids and 20:4n-6 in neonatal liver phospholipids (Figure 4.7). Again, the level of | 
. , 
20:4n-6 dropped more rapidly when the amount of trans fatty acids was more than 
18.0% in Group B. 
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Figure 4.7. Relationship between 20:4n-6 and trans fatty acids in neonatal 
liver phospholipids at day 5，12 and 26 ^Experiment 1). 
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4.4.2 Experiment 2 
4.4.2.1 Amount of trans fatty acids in rat milk 
The fatty acid composition of rat milk at day 5 and day 12 of lactation are 
shown in Table 4.10 and 4.11. No difference was found in the contents of trans 
fatty acids between day 5 and day 12. Lti addition, since all the diets except Diet C 
contained the same amount ofPHCO, no or little difference in the amount of 18:lt 
in mHk of these PHCO fed dams was observed. The percentage of 18:lt ranged 
from 10.50% to 12.58% and 11.86% to 12.73% where as that of 18:2t isomers 
^ 
ranged from 3.03% to 3.28% and 3.15% to 3.29% at day 5 and 12, respectively. 、 i 1 
4.4.2.2 Trans fatty acids in rat liver phospholipids 1 
^ 
,j 
The fatty acid composition of matemal and neonatal liver phospholipids is ^ 
,^  
shown in Table 4.12-14. The 18:lt content in matemal and neonatal liver ( 
phospholipids at term and at day 26 were relatively constant among all PHCO | 
containing diets. The fatty acid composition of neonatal liver phospholipids at term ^ 
《 
(Table 4.13) also showed that trans fatty acids (about 2.0%) were readily 丨位 
\ 
y 
incorporated into liver phospholipids. After birth, the trans fatty acid content of 
neonatal liver, except Group G, increased dramatically to about 11% (Table 4.14) 
which was even higher than that in matemal liver (Table 4.12). 
Merestingly, the incorporation of 18:2t isomers in both matemal and 
neonatal liver was not constant among the PHCO diets, ]n general, the percentage 
oftotal 18:2t was negatively related to the amount ofl8:2n-6 supplement. 
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T a b l e 4 .10. Fatty acid composi t ion o f r a t milk (% total fatty ac ids )a t day 5 o f l a c t a t i o n (Experiment 2)* (Continued on next page.) . 
Fatty acid A (n=4 samples) D (n=2 samples) E (n=4 samples) F (n=3 samples) G (n=6 samples) C (n=2 samples) 
Sum Saturated 22.78±4.30 21.17±3.01 25.26±2.67 20.8110.95 20.63土4.38 23.79土1.14 
Monounsaturated 
16:lA9c 0.91土0.28 1.18±.13 0.89土0.13 0.84土0.25 0.63土0.12 0.81士0.08 
16:lA7c 0.56土0.11 0.65±0.07 0 .45 i0 .09 0.51土0.08 0.51土0.11 0.70土0.02 
18:lA9c 46.75+4.02 49.00±3.72 45.06±3.23 46.48+3.16 42.65i2.73 47.15±2.33 
Sum o t h e r l 8 : l c 4.28土1.60 5.6110.26 4.11土1.37 4.54+1.39 5.4土0.22 2.41土0.06 
20:lAl lc 1.73i0.33 1.4410.18 1.41i0.25 1.41土0.10 1.41土0.10 1.83土0.02 
20:lA13c 
SumMono. 52.5±2.81 56.44±3.92 50.51±2.16 52.37土2.08 49.18±2.76 51.07±2.49 
n-6 P U F A 
^ 18:2n-6 1.63士0.01 2 .25 i0 .15 2.54±0.12 4.01土0.08 5.64±0.35 12.49土0.30 
18:3n-6 0.3210.03 0.26±0.00 0 .3 i0 .03 0.3410.01 0.4110.05 0.7710.02 
20:2n-6 0.12土0.02 0 . 1 3 ± 0 . 0 2 0.15土0.03 0.24±0.02 0.2710.04 0.52士0.01 
20:3n-6 0.09土0.02 0.1210.01 0.11土0.01 0.20土0.02 0 . 2 4 ± 0 . 0 2 0.42土0.04 
20:4n-6 0.4510.05 0.67土0.03 0.64土0.09 1 . 0 0 ± 0 . 1 7 1.21±0.17 1.07土0.03 
22:4n-6 0 . 2 5 1 0 . 1 5 0.09土0.12 0.20±0.04 0.36±0.09 0.45±0.13 0.29土0.01 
22:5n-6 0 . 4 4 ± 0 . 4 5 0.06土0.08 0.0910.00 0.18土0.02 0.27±0.05 0.00±0.00 
Sumn-6 PUFA 3 .49i0 .02 3.58±0.00 3.97土0.26 6.34±0.12 8.48土0.60 15.55i0.37 
n-3 P U F A 
18:3n-3 0.15±0.13 0.00土0.00 0.0510.02 0.0410.00 0.29±0.08 3.02±0.03 
20:5n-3 0.17士0.09 0 . 1 6 1 0 . 1 2 0.08土0.02 0.11土0.00 0.01土0.02 0.46i0.02 
22:5n-3 0.00土0.00 0.00土0.00 0.00土0.00 0.00i0.00 0.03i0.08 0 . 4 0 1 0 . 1 1 
22:6n-3 0.1410.06 0.06±0.09 0 . 0 7 ± 0 . 0 5 0.06土0.06 0.04i0.06 0 . 4 3 ± 0 . 1 2 
Sumn-3 PUFA 0.46土0.28 0 .22t0 .03 0.20±0.02 0.22土0.06 0 .37i0 .16 4 .31 i0 .29 
*Data are expressed as mean 土 SD. 
Diet A:15%PHCO; Diet D: 15%PHCO + 0.25%energy 18:2n-6; Diet E: 15% PHCO + 0.50% energy 18:2n-6. Diet F: 15% PHCO + 
1.25% energy 18:2n-6; Diet G: 15% PHCO + 2.00%energy 18:2n-6; Diet C: 15% CO. 
Table 4.10* (Continued). 
Fatty acid A D E F G C 
Trans fatty acids 
16:lA7t 0.81±0.10 1.0110.11 0.66±0.19 0.8110.09 0.76±0.11 0.06±0.04 
16:lA9t 0.12±0.02 0.17土0.00 O.lliO.O3 0.14土0.01 0.1110.06 0 . 0 0 1 0 . 0 0 
18:lt 12.0t0.59 10.5士.64 11.75±0.28 11.87土1.02 1 2 . 5 8 ± 0 . 6 9 0.16土0.05 
18:2A9t,12t 0.56±0.04 0.45士0.07 0.55i0.04 0 . 5 1 ± 0 . 0 3 0.55±0.03 0.00土0.00 
18:2A9c,13t 1.0410.04 1.03i0.05 1.04土0.05 1.07土0.01 1.00土0.07 0.08±0.11 
18:2A9c,12t 0.75士0.01 0.7110.03 0.76t0.03 0.76f0.01 0.79±0.04 0.17土0.01 
18:2A9t,12c 0.93±0.02 0.84土0.09 0.92±0.04 0.94±0.05 0.89土0.05 0.16±0.04 
Sum 18:2t 3.27土0.12 3.03±0.25 3.27土0.16 3.28土0.09 3.23±0.18 0.40土0.16 
Sumtrans 15.6410.39 14.26±0.71 15.2510.31 15.59±0.99 16.13士0.88 0.62±0.14 ^ 
^ *Data are expressed as mean 土 SD. 
Diet A:15%PHCO; Diet D: 15%PHC0 + 0.25%energy 18:2n-6; Diet E: 15% PHCO + 0.50% energy 18:2n^. Diet F: 15% PHCO + 1.25% 
energy 18:2n-6; Diet G: 15% PHCO + 2.00%energy 18:2n-6; Diet C: 15% CO. 
Table 4.11. Fatty acid composition of rat milk (% total fatty acids) of on day 12 oflactation ^Experiment 2)* (Continued on next 
page_). 
Fatty acid A (n=3 samples) D (n=6 samples) E (n=6 samples) F (n=6 samples) G (n=6 samples) C (n=6 samples) 
Sum Saturated 27.27±1.44 26.29±3.97 24.49±3.62 26.59±5.58 24.79±4.17 29.2515.23 
Monounsaturated 
16:lA9c 0.93士0.13 1.28土0.44 0.97±0.25 0.08士0.02 0.13±0.03 0.00土0.00 
16:lA7c 0.42i0.02 0.47±0.07 0.4210.10 0.5土0.15 0 . 5 4 ± 0 . 2 6 0 . 0 1 1 0 . 0 1 
18:lA9c 44.03土1.00 44.57±3.51 45.01土2.66 42.99±4.24 41.09士3.66 4 4 . 1 3 ± 4 . 1 7 
Sum o t h e r l 8 : l c 4.6811.52 5.14士1.07 5.08士1.13 4.41±1.22 4.88±0.94 2.4810.33 
20:lAl lc 1 . 3 1 1 0 . 1 9 1.14i0.10 1 . 2 2 1 0 . 1 5 1.06i0.21 1.11土0.46 1.55±0.15 
20:lA13c 
SumMono. 50.05±1.18 51.4713.33 51.47±3.80 48.60±4.50 47.30土3.66 47.84±4.62 
^ n-6 P U F A 
说 18:2n-6 1.57i0.02 2.20±0.25 2 .92i0 .45 3.8710.77 5 .28 i0 .40 12.52±0.73 
18:3n-6 0.28±0.04 0.27±0.02 0.29土0.01 0.32±0.04 0.50土0.31 0.77土0.11 
20:2n-6 0.05土0.05 0.0710.04 0.14±0.04 0.16±0.04 0.3510.28 0.4110.09 
20:3n-6 0.0410.04 0.06土0.03 0.10土0.03 0.12±0.04 0.20土0.06 0.36土0.07 
20:4n-6 0.23±0.04 0 . 2 5 1 0 . 0 3 0 .37t0.06 0.4510.15 0.63±0.15 0.80土0.07 
22:4n-6 0.00土0.00 0.02±0.04 0 . 0 9 1 0 . 0 5 0.10土0.07 0.21±0.09 0.1610.09 
22:5n-6 0.00土0.00 0.00土0.00 0 . 0 1 ± 0 . 0 3 0 . 0 2 1 0 . 0 4 0.12±0.03 0.0010.00 
Sum n-6 PUFA 2 .17i0 .10 2.87土0.37 3 .92i0 .60 5.04±0.97 7.36土0.88 15.08±1.10 
n-3 P U F A 
18:3n-3 0.04i0.04 0.03土0.03 0.0610.01 0.0410.02 0.2410.09 2.93±0.45 
20:5n-3 0.0610.05 0.06土0.04 0.09i0.02 0 . 1 1 ± 0 . 0 2 0.02i0.03 0 . 4 4 + 0 . 0 6 
22:5n-3 0.00土0.00 0.0010.00 0.00i0.00 0 . 0 0 ± 0 . 0 0 0.00土0.00 0.30土0.05 
22:6n-3 0.00土0.00 0.00土0.00 0.0010.00 0.00土0.00 0.01土0.03 0.3010.06 
Sum n-3 PUFA 0.10土0.09 0 .08t0 .06 0.15t0.03 0.15土0.01 0.27土0.08 3.97±0.40 
*Data are expressed as mean 土 SD. 
Diet A:15%PHC0; Diet D: 15%PHCO + 0.25%energy 18:2n-6; Diet E: 15% PHCO + 0.50% energy 18:2n-6. Diet F: 15% PHCO + 1.25% 
energy 18:2n-6; Diet G: 15% PHCO + 2.00%energy 18:2n-6; Diet C: 15% CO. 
Table 4.10* (Continued). 
Fatty acid A D E F G C 
Trans fatty acids 
16:lA7t 0.56±0.04 0.61土0.09 0.52±0.18 0.50±0.15 0.54±0.26 0.01±0.01 
16:lA9t 0.0910.01 0.07±0.04 0.08±0.02 0.0810.02 0.13±0.03 0.00±0.00 
18:lt 1 2 . 7 3 ± 0 . 7 1 11.86土0.71 12.19±0.94 12.03±0.23 11.85±1.74 0.39土0.40 
18:2A9t,12t 0.51±0.02 0.49±0.04 0.51±0.04 0.50±0.02 0.55f0.08 0.0010.00 
18:2A9c,13t 1 . 0 3 1 0 . 0 2 1 . 0 3 1 0 . 0 5 1.06土0.06 1.03土0.05 0.98土0.08 0.00土0.00 
18:2A9c,12t 0.74士0.02 0.74士0.04 0.7710.05 0.76i0.04 0.78土0.07 0.1510.02 
18:2A9t,12c 0.94土0.04 0.89土0.03 0.95±0.07 0.92±0.04 0.89土0.13 0.15t0.02 
Sum 18:2t 3.2110.09 3.1510.17 3.29i0.20 3.2110.15 3.20t0.33 0.31±0.04 
^mritrans 16.08±0.82 15.2110.74 15.57±1.09 15.32t0.41 15.16±1.91 0.70±0.42 
^ *Data are expressed as mean 土 SD. 
Diet A:15%PHC0; Diet D: 15%PHC0 + 0.25%energy 18:2n-6; Diet E: 15% PHCO + 0.50% energy 18:2n-6. Diet F: 15% PHCO + 1.25% 
energy 18:2n-6; Diet G: 15% PHCO + 2.00%energy 18:2n-6; Diet C: 15% CO. 
T a b l e 4 .12. Fatty acid composit ion (% total fatty acids) o f matemal liver phosphol ipids (Experiment 2 )* (Continued on next 
page). 
Fatty acid A (n=4 samples) D (n=6 samples) E (n=7 samples) F (n=6 samples) G (n=6 samples) C (n=6 samples) 
Sum Saturated 31.93t0.69 32.59dbl.78 31.96士1.53 31.62t0.65 32.86±1.52 41.61±0.84 
Monounsaturated 
16:lA9c 0 . 5 3 ± 0 . 1 3 0.41士0.08 0 . 4 2 + 0 . 1 8 0.27±0.07 0.27士0.18 0 .21i0 .03 
16:lA7c 0.18±0.04 0 . 1 2 + 0 . 0 3 0.12士0.04 0.08土0.04 0.08土0.04 0.13±0.03 
18:lA9c 12.48±2.00 8 . 4 5 ± 1 . 7 9 9 . 3 7 ± 1 . 2 2 7 . 2 8 ± 1 . 2 7 6 . 9 3 ± 2 . 4 5 5.16土0.83 
Sum other 18:lc 3.45士0.25 3.15±0.40 3.03士0.34 2.88±0.23 2.61±0.41 1.91±0.17 
20:lAllc 0 . 1 7 ± 0 . 0 2 0.19土0.03 0.16士0.04 0.14土0.03 0.1410.04 0 . 2 2 ± 0 . 0 2 
SumMono. 16.99±2.39 12.51i2.01 13.29±1.66 10.8土1.42 10.16±2.81 7.89±0.83 
n-9 PUFA 
20:3n-9 4.85±0.55 2 . 8 1 t l . l 8 1.9910.79 0.5310.31 0.59±0.29 0.02土0.04 
n-6 PUFA 
oo 18:2n-6 6.95±1.32 5.41±1.53 6.47土1.26 4.83土1.40 6.30土2.11 7.75±0.95 
� 20:2n-6 0.23土0.04 0.14土0.06 0.09土0.05 0.00土0.00 0.08士0.06 0 .12 i0 .01 
20:3n-6 1.35±0.18 1.29±0.33 1.34土0.41 0.7810.36 0.87t0.43 0.66土0.15 
20:4n-6 17.32±2.66 23.48±2.98 24.04±2.77 29.65±1.53 28.17±2.91 25.28±0.63 
22:4n-6 0.14±0.02 0.21土0.04 0.24士0.05 0.38士0.07 0.63土0.34 0.10±0.05 
22:5n-6 1.83±0.75 3.28±1.15 2.62土0.69 3.90土0.46 7.18±2.90 0.00土0.00 
Sum n-6 PUFA 27.83土1.97 33.8±2.24 34.79土1.75 39.45士0.50 43.22±2.53 33.91士0.63 
n-3 PUFA 
18:3n-3 0.06i0.04 0.03±0.04 0.03士0.04 0.0410.03 0.0710.04 0.13±0.02 
20:5n-3 0.23±0.03 0.01士0.01 0.09土0.01 0.00土0.00 0.00土0.00 0.94土0.14 
22:5n-3 0 . 2 5 + 0 . 0 6 0.13±0.10 0.15+0.11 0.15±0.08 0.14土0.09 0.98土0.21 
22:6n-3 4.68±0.73 5.11土0.72 4.36土0.79 4.25士0.78 4.11土1.32 11.06i0.62 
Sum n-3 PUFA 5.69t0.56 5.82士0.58 5.0510.78 4.79±0.80 4.60±1.35 13.44土0.40 
*Data are expressed as mean 士 SD of n=5 samples. 
Diet A:15%PHC0; Diet D: 15%PHCO + 0.25%energy 18:2n-6; Diet E: 15% PHCO + 0.50% energy 18:2n-6. Diet F: 15% PHCO + 1.25% 
energy 18:2n-6; Diet G: 15% PHCO + 2.00%energy 18:2n-6; Diet C: 15% CO. 
•. - -c:_^t J^3t -— % .^;j».^. .>• ^ _ ^ 'i~lJ^^\ -. -^ -‘- : J --' ^ ---<^  ~-^ =3r s 
Table 4.12*(Continued). 
Fatty acid A D E F G C 
Trans fatty acids 
16:IA7t O.09±O.OI O.O7±O.O4 O.O8±O.O3 O.O7±O.O4 O.15±O.O3 0.13±0.02 
16: IA9t 0.24±0.04 0.21±O.05 0.20±O.06 O.18±0.04 O.O3±0.O3 O.OO±O.OO 
18: It 7.86±0.36 8.18±1.11 8.62±1.03 9.18±0.87 7.34±1.55 0.00±0.00 
18 :2A9t, 12t 0.06±0.00 0.02±0.03 0.04±0.03 O.07±O.05 O.OO±O.OO 0.00±0.00 
18 :2A9c, 13t 0.28±0.06 O.19±0.05 0.19±0.04 0.13±0.02 O.II±O.05 O.OO±O.OO 
18 :2A9c, 12t 0.18±0.02 0.16±0.02 0.17±0.02 O.15±0.02 0.ll±O.O5 0.00±0.00 
18 :2A9t, 12c 0.68±0.11 O.47±0.11 O.42±O.11 0.25±0.05 O.20±O.O7 0.00±0.00 
Sum 18:2t 1.20±O.18 0.83±0.17 0.82±0.16 O.60±O.OS O.42±O.15 O.OO±O.OO 
QC 20:4A5c,Sc,11c,15t 0.35±0.OS 0.20±0.09 0.lS±O.07 O.O2±O.04 0.02±O.O3 O.OO±O.OO ~ 
20:4A5c,Sc,llc,14t 0.50±0.O7 O.40±O.12 0.36±0.14 0.10±0.10 O.05±O.O6 O.OO±O.OO 
Sum 20:4t 0.S5±0.13 O.60±0.20 0.54±0.21 O.12±0.13 O.O7±0.09 O.OO±O.OO 
Sum trans 9.43±0.40 9.39±1.16 9.69±1.00 9.90±O.S3 7.SS±1.51 0.13±O.02 
*Data are expressed as mean ± SD. 
Diet A: 15%PHCO; Diet D: 15%PHCO + 0.25%energy IS:2n-6; Diet E: 15% PHCO + 0.50% energy IS:2n-6. Diet F: 15% PHCO + 1.25% 
energy 18:2n-6; Diet G: 15% PHCO + 2.00%energy 18:2n-6; Diet C: 15% CO. 
T a b l e 4 .13. Fatty acid composit ion (% total fatty acids) o f neonatal liver phosphol ipids at term (Experiment 2)* (Continued on 
next page). 
Fatty acid A D E F G C 
Sum Saturated 35.30土0.97 3 3 . 0 1 t l . 8 2 34.92±1.01 32.99±2.11 32.32±.66 39.3±2.87 
Monounsaturated 
16:lA9c 3 . 3 9 ± 0 . 2 8 3.42土0.30 2 .50 i0 .56 3.26±0.45 1.62士0.73 2.65土0.43 
16:lA7c 1.6310.18 1 . 4 5 ± 0 . 1 0 0 . 9 9 ± 0 . 2 2 1 . 5 1 ± 0 . 2 0 0.81士0.33 1.25±0.16 
18:lA9c 23 .02 t l . 08 23.54±2.21 1 8 . 1 6 ± 1 . 5 9 19.61土1.25 16.35±3.54 14.45±0.75 
Sum other 18:lc 5.61±0.17 5 .39i0 .32 4.62±0.28 4.99土0.37 4.17±0.61 3.51±0.34 
2 0 : l A l l c 0 . 1 8 ± 0 . 1 2 0.34±0.09 0.17士0.27 0.16土0.09 0 . 2 5 1 0 . 1 7 0 . 2 5 ± 0 . 1 4 
SumMono. 34.37±1.45 34.7±2.55 27.05±2.22 30.29土1.34 23.87土5.28 22.73±1.85 
n-9 PUFA 
20:3n-9 6.57±0.37 5.6410.56 5.41±0.43 2.64±1.27 2.13±0.45 1.20i0.36 
n-6 PUFA 
oo 18:2n-6 3.67±0.27 3.29±0.35 4.98土0.43 4.08±0.60 6.0210.61 5.68土0.50 
^ 20:2n-6 0.35±0.02 0.27士0.06 0.24士0.14 0.17土0.17 0.05土0.08 0.00土0.00 
20:3n-6 0.61土0.04 0.54±0.05 0.79±0.07 0.07士0.61 0.06士0.79 0.71土0.07 
20:4n-6 7 . 9 2 ± 0 . 3 4 8.56±0.82 12.72士0.58 13.98土1.51 19.13土3.60 15.58±0.89 
22:4n-6 0.00士0.00 0.47土0.12 0.72±0.31 0.65±0.07 1.06土0.42 0.67土0.05 
22:5n-6 1.34±0.04 2 .19 i0 .22 2.97±0.45 4.22土0.63 6.58+1.74 0 .72i0 .13 
Sum n-6 PUFA 13.89土0.64 15.32土1.33 22.44±0.85 23.70±2.51 33.64土4.87 23.37±1.21 
n-3 PUFA 
18:3n-3 0.00土0.00 0.04±0.06 0.00土0.00 0.03±0.04 0.00土0.00 0.00土0.00 
20:5n-3 0.00±0.00 0.04士0.02 0.06土0.03 0.05土0.04 0.04±0.02 0.74±0.07 
22:5n-3 0.00土0.00 0.00土0.00 0.00i0.00 0.00土0.00 0 . 0 0 ± 0 . 0 0 0.54i0.05 
22:6n-3 2.32±0.14 1.86±0.17 2.76l0.13 2.0910.31 3.44±0.89 11.29±0.94 
Sum n-3 PUFA 2.74±0.34 2.24±0.28 3.22±0.19 2.39l0.2Q 3.4710.85 12 .82t l .02 
*Data are expressed as mean 士 SD of n=5 samples. 
Diet A:15%PHCO; Diet D: 15%PHCO + 0.25%energy 18:2n-6; Diet E: 15% PHCO + 0.50% energy 18:2n-6. Diet F: 15% PHCO + 1.25% 
energy 18:2n-6; Diet G: 15% PHCO + 2.00%energy 18:2n-6; Diet C: 15% CO. 
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Table 4.10* (Continued). 
Fatty acid A D E F G C 
Trans fatty acids 
16:lA7t 0.24±0.01 0.24±0.07 0 .29 i0 .06 0.2610.03 0.3510.08 0.40±0.04 
16:lA9t 0 . 4 1 1 0 . 0 3 0 . 4 7 1 0 . 0 7 0 .20t0 .19 0.4510.04 0.05±0.13 0.00土0.00 
18:lt 2.0810.12 2.87±.98 2 . 4 3 i l . 3 0 1.90±0.24 2.7310.53 0.00土0.00 
18:2A9t,12t 0.00士0.00 0.00t0.00 0.0010.00 0.19土0.18 0.00土0.00 0.00土0.00 
18:2A9c,13t 0 . 7 3 1 0 . 0 4 0 . 7 8 1 0 . 1 2 0.48土0.05 0 . 4 9 ± 0 . 1 1 0.07土0.17 0.00土0.00 
18:2A9c,12t 0.27土0.19 0.39土0.09 0.05土0.11 0.36土0.04 0.1910.21 0.00士0.00 
18:2A9t,12c 1.25土0.07 1.1210.11 0.76士0.10 0.80士0.07 0.24土0.25 0.05±0.12 
Suml8:2t 2.25±0.27 2.30i0.28 1.28±0.12 1.84±0.37 0.50t0.52 0.05±0.12 
gD 20:4A5c,8c,llc,15t 0 . 2 8 1 0 . 0 2 0 . 1 8 ± 0 . 1 0 0.04士0.08 O.lllO.lO 0 . 0 0 1 0 . 0 0 0.00士0.00 
^ 20:4A5c,8c,llc,14t 0 . 4 5 1 0 . 0 2 0 . 4 0 1 0 . 1 1 0.27i0.06 0.14t0.10 0.0010.00 0.00土0.00 
Sum 20:4t 0.72士0.01 0.5810.16 0.3110.06 0.25±0.19 0.00土0.00 0.00土0.00 
^mntrans 4.25土0.12 4.91土1.07 3.72±1.29 3.57土0.24 3.38土0.41 0 .45i0 .15 
*Data are expressed as mean ± SD of n=5 samples. 
Diet A:15%PHCO; Diet D: 15%PHCO + 0.25%energy 18:2n-6; Diet E: 15% PHCO + 0.50% energy 18:2n-6. Diet F: 15% PHCO + 1.25% 
energy 18:2n-6; Diet G: 15% PHCO + 2.00%energy 18:2n^; Diet C: 15% CO. 
1. v-% ^^>^ r— \ _~^-—_ _^ ^-^ 1 i---3 'V --J ••- - - ••-- ^-"^ -%^ 3^  _K 
Table 4.14. Fatty acid composition (% total fatty acids) of neonatal liver phospholipids at day 26 oflactation (Experiment 2)* 
(Continued on next page). 
Fatty acid A D E F G C 
Sum Saturated 24.81±1.70 24.81±0.60 25.75±1.12 28.31±1.83 3L96±0.63 35.28±1.84 
Monounsaturated 
16:lA9c 0.4010.02 0 . 4 3 1 0 . 0 8 0.31土0.04 0.1610.07 0.11土0.02 0 . 4 4 ± 0 . 0 4 
16:lA7c 0.76±0.15 2.33士0.60 0 .49 i0 .10 0.49土0.07 0.17+0.01 0 . 3 2 1 0 . 1 1 
18:lA9c 15.67土1.54 1 6 . 9 6 ± 1 . 9 9 12.24±1.32 8.78土1.36 7.88土0.48 8 .79t0 .72 
Sum other l8 : l c 7.59±0.44 7.93士0.41 5.74±0.72 4 .38t0 .54 2.81土0.22 3.52土0.36 
2 0 : l A l l c 0.37土0.03 0.30土0.03 0.32土0.02 0 . 1 9 ± 0 . 0 4 0.1910.01 0 . 7 9 1 0 . 1 9 
SumMono. 25.32±1.83 28.53±2.55 19.64±2.03 14.41土2.09 11.49i0 .52 14.55±1.27 
n-9 PUFA 
20:3n-9 7.8510.40 6.38±0.31 5.42±0.18 1.76±0.45 0.63±0.09 0.14±0.03 
n-6 PUFA 
g 18:2n-6 6.72±0.22 8.49i0.31 8.25土0.43 5.53士0.96 6.6910.56 10.15i0.68 
^ 20:2n-6 0 . 9 5 1 0 . 0 8 0 . 6 2 1 0 . 1 0 0.59±0.02 0.17±0.04 0.14土0.01 0.37i0.06 
20:3n-6 1.28士0.09 1.36±0.12 1.60土0.08 0.87±0.16 0.46士0.08 0.73±0.09 
20:4n-6 9 . 5 5 ± 0 . 9 7 8.75土0.69 15.42土1.25 24.52±1.56 28 .19t0 .64 19.9土0.93 
22:4n-6 0.12±0.01 0.00土0.00 0.16土0.00 0.38±0.05 0.85土0.08 0.17土0.01 
22:5n-6 1.71土0.31 1.39±0.27 2.75土0.30 6.03土1.00 7.32±0.88 0.03土0.07 
Sum n-6 PUFA 2 0 . 3 2 i l . 3 5 20.62±0.91 28.78土1.15 3 7 . 4 9 t l . 4 3 43.65土0.84 31.43土0.39 
n-3 PUFA 
18:3n-3 0 . 0 6 ± 0 . 0 4 0.03士0.06 0.02i0.03 0.02±0.03 0.10土0.02 0.34土0.06 
20:5n-3 0.23士0.03 0.01土0.01 0.09土0.01 0.00土0.00 0.00士0.00 0.94土0.14 
22:5n-3 0.25士0.06 0.13土0.10 0.15i0.11 0.15t0.08 0.1410.09 0.98±0.21 
22:6n-3 2.18士0.37 1.60土0.16 2.11±0.13 2 . 2 8 ± 0 . 2 4 3.35±0.21 1 2 . 9 ± 0 . 5 5 
Sum n-3 PUFA 2.98±0.32 2.32±0.20 2.77土0.13 2 .95 i0 .28 3.91土0.22 16.27土0.45 
*Data are expressed as mean 土 SD of n=5 samples. 
Diet A:15%PHCO; Diet D: 15%PHC0 + 0.25%energy 18:2n-6; Diet E: 15% PHCO + 0.50% energy 18:2n-6. Diet F: 15% PHCO + 1.25% 
energy 18:2n-6; Diet G: 15% PHCO + 2.00%energy 18:2n-6; Diet C: 15% CO. 
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Table 4.10* (Continued). 
Fatty acid A D E F G C 
Trans fatty acids 
16:lA7t 0.6010.05 0.5710.10 0.59±0.05 0.3010.15 0.18土0.05 0.00±0.00 
16:lA9t 0.12±0.02 0.0810.05 0.12±0.01 0.02±0.05 0.0810.02 0.0010.00 
18:lt 11.2±0.86 9.8110.61 11.79±0.26 11.73±0.43 6.7610.66 0.00士0.00 
18:2A9t,12t 0 . 1 7 1 0 . 2 3 0 . 2 6 1 0 . 2 4 0.00土0.00 0 . 0 0 ± 0 . 0 0 0.07土0.11 0.00土0.00 
18:2A9c,13t 0.77士0.07 0 . 7 9 1 0 . 0 7 0.45土0.10 0 . 2 5 1 0 . 0 7 0 .13 i0 .01 0.00土0.00 
18:2A9c,12t 0.38i0.03 0.40土0.03 0.29士0.06 0 . 2 5 1 0 . 0 5 0 . 1 1 1 0 . 0 1 0.00土0.00 
18:2A9t,12c 1 . 5 3 1 0 . 0 9 1.68土0.09 1.0810.10 0 . 5 4 ± 0 . 1 6 0 . 2 0 ± 0 . 0 2 0.10土0.06 
Sum 18:2t 2.86±0.36 3.1310.25 1.8110.26 1.04±0.28 0.52±0.14 0.1010.06 
20:4A5c,8c,llc,15t 0.66士0.06 0.56±0.05 0.43±0.05 0.19i0.03 0.00土0.00 0.01士0.03 
g 20:4A5c,8c, l lc ,14t 0.74土0.13 0.84±0.20 0.62±0.07 0.37土0.07 0.02士0.03 0.02±0.05 
Sum 20:4t 1.40士0.16 1.39±0.24 1.05±0.11 0.56土0.09 0.02士0.03 0.03土0.07 
Sum trans 14.25土0.94 12.69±0.53 14.08±0.28 12.93±0.67 7.39土0.73 0.15士0.03 
*Data are expressed as mean 士 SD of n=5 samples. 
Diet A:15%PHCO; Diet D: 15%PHCO + 0.25%energy 18:2n-6; Diet E: 15% PHCO + 0.50% energy 18:2n-6. Diet F: 15% PHCO + 1.25% 
energy 18:2n-6; Diet G: 15% PHCO + 2.00%energy 18:2n-6; Diet C: 15% CO. 
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4.4.2.3 Linoleic acid (18:2n-6) content in rat milk and its relation to maternal diets 
The major difference between the rat milk of the five PHCO fed groups was 
the percentage of 18:2n-6. However, no difference in the percentage of 18:2n-6 
between day 5 and day 12 was observed. Therefore, only the data for day 5 were 
presented. 18:2n-6 in rat milk increased according to its amount in the diets. 
Among these five groups, the lowest and the highest was 1.63% and 5.64% in rat 
milk of Group A (18:2n-6 insufficient) and Group G (2.00% energy 18:2n-6 
supplement) respectively. An linear relationship was established between the 气 
percentage of 18:2n-6 in matemal diet (X) and rat rm\k 0 0 (Figure 4.8), which ‘ 
. l 
could be characterized by the equation: Y = 0.57X + 0.65 (Eq.7). 
� � 一 
7 || 
4.4.2.4 Content of 20:4n-6 in rat milk '^ 
1 
1 
As shown in Figure 4.9, the amount of 20:4n-6 in rat miUc increased j 
\ 
proportionally when 18:2n-6 was increased from 1.57% to 5.28% at day 5. | 




remained unchanged (Figure 4.9). When the content of miDc 20:4n-6 at day 5 was ^ 
compared with that at day 12, the former was significantly higher than the latter 
although the fatty acid composition in matemal diet remained unchanged 
throughout the entire lactation period. 
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Figure 4.8. Transfer of 18:2n-6 from matemal diet to rat miLk (Experiment 2). 
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Figure 4.9. Content of 20:4n-6 relative to that of 18:2n-6 in rat miDc ^Experiment 2). 
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4.4.2.5 Content of20:4n-6 in rat liver 
The level of 20:4n-6 in liver phospholipids of PHCO fed groups was 
proportionally increased with supplementation of 18:2n-6 (Table 4.12-14). The 
level of20:4n-6 in liver phospholipids of rat fed CO diet (Group C) was about 25% 
of total fatty acids, which served as a reference value. It seemed that the 
requirement for 18:2n-6 to achieve the same level of20:4n-6 as in Group C (Table 
4.12-14) was different between PHCO fed dams and neonates. About 0.50% energy 
of 18:2n-6 supplement could meet this requirement in matemal diet whereas the ^ 
I 
neonatal requirement was possibly 1.50% (Figure 4.10; Table 4.12). 、’ 
. i: 
4.4.2.6 Suppression ofthe synthesis of 20:4t isomers in maternal and neonatal liver 1 
\ 
Two 20:4t isomers (20:4A5c,8c,Hc,15t and 20:4A5c，8c，llc，14t) originating ！ 
•1 
from the desaturation and elongation of dietary 18:2A9c,13t and 18:2A9c,12t were J 
found in rat liver. The C20 region of gas chromatograms of day 26 liver ( 
phospholipids in each group is shown in Figure 4.11. The amount of these two ) 
\ 
trans isomers was inversely related to the amount of 18:2n-6 supplement in diet. ！ 
The inverse relationship is presented graphically in Figure 4.12. By extrapolating 
the curves, the minimal requirement for 18:2n-6 to suppress the desaturation and 
elongation of 18:2t isomers could be determined. It should be noted that PHCO 
akeady contained about 0.56% energy ofl8:2n-6. In the following, the requirement 
for 18:2n-6 was expressed as total energy of the diet, i.e. 0.56% + % energy of 
18:2n-6 supplement. It was found that the matemal and neonatal requirement for 
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Figure 4.10. Relationship between 20:4n-6 in neonatal liver phospholipids and 
18:2n-6 in matemal diet ^Experiment 2). 
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Figure 4.11 The C20 region of gas chromatogram of the fatty acid methyl esters from neonatal liver 
phospholipids ^Experiment 2).. Total energy ofl8:2n-6 of each diet (%): A: 0.56; D: 0.81; E: 1.06; 
F: 1.81;G: 2.56; C: 6.30. Peak are identified as: 1, 20:3n-9; 2, 20:3A5c,8c,14c; 3, 20:3A5c,llc,14c; 
4，unknown; 5, 20:3n-6; 6，20:4A5c,8c,llc,15t; 7，20:4A5c,8c,llc,14t; 8’ 20:4n-6. 
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Figure 4.12. Effects of dietary 18:2n-6 on biosynthesis of 20:4t isomers in matemal 
and neonatal liver phospholipids (Experiment 2). 
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18:2n-6 was about 2.00% and 2.50% total energy ofthe diet. L i fact, the level of 
20:4t isomers in group G fed a diet containing 2.56% 18:2n-6 of total energy were 
non-detectable in both matemal and neonatal liver phospholipids. Thus, the result 
ofextrapolation could be validated by this additional information. 
4.5 Discussion 
4.5.1 Relationship between fatty acid composition ofdiet and that ofmilk 
It was expected that 18:lt isomers were only found in rat milk fed PHCO 
diets, since they could not be synthesized in mammals. Also, they were ab:eady 
identified in both human and rat milk (Craig-Schmidt et al., 1984; Wickwire et aL, 
1987; Chen et al., 1995). Positive correlation between the percentage of trans fatty 
acids in rat milk and that in diet was clearly demonstrated in Experiment 1 (Figure 
4.4). hn fact, fatty acid composition of miUc was a reflection of the daily fat intake 
and it rapidly responded to dietary change (Craig-Schmidt et al., 1984; Hachey et 
al., 1987). The content of 18:lt and 18:2t in mUk was all positively correlated to 
that ofthe diet OEq.2 and Eq.3). Eq.2 showed that the incorporation factor for 18:lt 
into miUc lipids relative to that in diet was 0.52, which represents that additional 
0.52% 18:lt can be found in milk lipids if the trans fatty acids in dietary fat increase 
by 1.00% and the rest of them is assumed to be either oxidized or removed out of 
the body. However, the incorporation factor for 18:lt was found to be about 0.38 in 
another study (Wickwire et al., 1987). This might be due to differences in species 
of animal used in the experiment. A study in human milk reported a linear 
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correlation between 18:lt in milk and in the diet; and the incorporation factor was 
0.42 (Y = 0.42X + 1.49) (Craig-Schmidt et al.，1984). 
Comparing Eq.2 with Eq.3, it was found that the content of 18:lt and 18:2t 
in milk fat responded differently to that of diet. The incorporation factor for 18:2t 
(0.79) was higher than that for 18:lt (0.52). This is the first report to demonstrate 
that dietary 18:2t isomers incorporate into milk lipids more efficiently than 18:lt 
isomers. It remains unknown whether such difference is due to higher selectivity of 
18:2t isomers for lipoprotein lipase in mammary glands (Hachey et al., 1987). 
Although the 18:2t isomers are quantitatively minor compared with 18:lt, the 
former are believed to be more potent than the latter in inhibition ofbiosynthesis of 
20:4n-6 (Anderson et al., 1975). 
Li Experiment 2, a positive linear correlation between 18:2n-6 in rat miDc 
and that in the diet was also established (Eq.7). The incorporation factor for 18:2n-
6 was 0.57. However, another study found that the incorporation factor for 18:2n-6 
into milk lipids was about 0.46 (Wickwire et al., 1987). Again, the incorporation 
factor of 18:2n-6 might be species-dependent. Comparing dietary trans fatty acids 
with 18:2n-6 fEq.l and Eq.7), it was found that the incorporation factors were 
similar. This observation was in agreement with that of Wickwire et al. (1987) 
although the incorporation factors were lower than that found in the present study. 
It could be concluded that trans fatty acids and 18:2n-6 in rat milk were transferred 
from matemal diet to milk in the same proportion. By knowing the incorporation 
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factor and the total volume of milk produced, the actual amount of trans fatty acids 
and 18:2n-6 transferred to neonates via milk can be calculated. 
4.5.2 20:4n-6 in rat milk 
It was suggested that the content of miUc 20:4n-6 was mainly determined by 
matemal diet instead of chain elongation and desaturation of its precursor, 18:2n-6, 
in mammary glands (Jensen, 1996). However, other studies have found a positive 
correlation between 18:2n-6 and 20:4n-6 in both animal and human studies (Finley 
et al., 1985; Wickwire et al” 1987). In the present study, no 20:4n-6 was detected 
in the diet but there was considerably higher level of 20:4n-6 found in rat miDc 
gPigure 4.9). This revealed that biosynthesis of 20:4n-6 from 18:2n-6 either in 
mammary glands or matemal liver was the major factor in determining 20:4n-6 
level in rat mi\k. 
Li Experiment 1，since trans fatty acids and 18:2n-6 were in reciprocal 
relationship (Figure 4.6), they had an opposite role in synthesis of 20:4n-6. 
However, the inhibitory effect of trans fatty acids would only manifest in the 
condition that 18:2n-6 was insufficient in the diet {Gurr, 1983; Lawson et al., 1983; 
Zevenbergen and Houtsmuller, 1989). Li fact, the ratio of dietary 18:2n-6 to the 
trans fatty acids may be more precise in determining the level of 20:4n-6 in rat miUc 
(Anderson et al., 1975). The content of 20:4n-6 in rat miUc of Experiment 1 was 
positively correlated to that of dietary 18:2n-6 in diets. This correlation agreed with 
other studies (Finley et al., 1985; Wickwire et al., 1987). However, the decrease in 
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20:4n-6 was significant when dietary trans fatty acids was increased from 0.61% to 
18.3%, indicating that inhibitory effect of trans fatty acids on synthesis of 20:4n-6 
might occur at the conditions that dietary trans fatty acids are higher whereas 
dietary 18:2n-6 was insufficient. 
L i Experiment 2，a positive correlation between the level of 20:4n-6 in rat 
milk and 18:2n-6 in diet was also observed (Figure 4.9). It was found that Group G 
(PHCO + 2.00 % energy of 18:2n-6 supplement) could raised milk 20:4n-6 (1.21% 
) u p to a level higher than that in Group C (1.07%) fed CO diet at day 5. In 
contrast, the level of 20:4n-6 in rat milk ofthe former (0.63%) was slightly lower 
than the latter (0.80%) at day 12. 
It should be noted that the level of 20:4n-6 at day 12 was significantly lower 
than that at day 5 in both experiments (Figure 4.6 and 4.9). This decline of 
LCPUFA as lactation progresses has been also observed in several human miDc 
studies (Martin et al., 1993; Makrides et al., 1995; Chen et al., 1997). The 
underlying mechanism was not fully understood. Perhaps, the desaturation and 
elongation pathway was getting less active or lesser amount ofpreformed LCPUFA 
from white adipose tissue triacylglycerol was mobilized when lactation progressed 
(Martin et al., 1993). 
Merestingly, the decline of 20:4n-6 among all groups in both experiments 
was different when lactation progressed fi:om day 5 to day 12 (Table 4.15). The 
percentage decrease in the level of 20:4n-6 in milk of Group C was significantly 
smaller than the others in Experiment 2. This suggested that the biosynthesis of 
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Table 4.15 The percentage decrease in milk 20:4n-6 from day 5 to dayl2*. 
% (wt) 20:4n-6 in milk 
Day5 Day 12 % Decrease^ 
Experiment 1 
A 0.41土0.05 0.2210.03 47.0±0.6^ 
B 0.78土0.09 0.46+0.06 40.3土0.1 
C 1.17士0.09 0.70土0.04 40.1土0.0 
Experiment 2 
A 0.45i0.05 0.23土0.04 48.9+0.1' 
D 0.67+0.03 0.25±0.03 63.2+0.1' 
E 0.64±0.09 0.37±0.06 42.5±0.1^ 
F 1.00t0.17 0.45t0.15 55.2±0.2' 
G 1.21±0.17 0.63±0.15 50.8+0.1' 
C 1.07±0.03 0.80+0.07 24.9±0.1 
* Data are expressed as mean 士 SD. 
a % Decrease was calculated as the percentage of the change in milk 20:4n-6 between two 
day5 and day 12. 
b’ c，d Percentages differ significantly fi:om Group C of the corresponding experiments at 
p<0.05, p<0.005 and p<0.01, respectively. 
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20:4n-6 was significantly inhibited by dietary trans fatty acids as lactation advanced 
because all groups except Group C were fed PHCO diet containing the same 
amount of trans fatty acids. However, there was no difference between Group C 
and B in Experiment 1，but the decrease of 20:4n-6 in rat miUc of Group C was 
significantly less than that of Group A. It should be noted that the amount of 
dietary trans fatty acids in Group A, D，E，F and G (24.54%-25.97%) in Experiment 
2 was much higher than that of Group B (18.29%) in Experiment 1. With reference 
to Group C (0.61% dietary trans fatty acids) in both experiments, the percentage 
I 
decrease of 20:4n-6 in rat milk of Group A, D，E, F and G was more significant than 
I 
that of Group B when lactation advanced, indicating again that dietary trans fatty 
acids inhibit the biosynthesis of20:4n-6. 
4.5.3 Transfer of trans fatty acids from maternal diet to neonatal liver 
phospholipids 
A positive linear correlation was found between trans fatty acids in neonatal 
liver phospholipids and those in matemal diet at day 5, 12 and 26 of lactation in 
Experiment 1 (Figure 4.5). The incorporation factor for trans fatty acids at day 26 
(0.55; Eq.4) was significantly higher than that at the other two days (0.28, Eq.5 and 
0.33, Eq.6). This was probably because at day 26, the neonates started to consume 
the diet directly instead ofbeing dependent solely on miUc. The trans fatty acids in 
diet were twice as much as that in milk. Therefore, a higher incorporation factor 
was expected at day 26 than that at day 5 and day 12. 
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In Experiment 2, the trans fatty acids were already present in liver 
phospholipids ofneonates killed at term before lactation started (Table 4.13). This 
showed that the trans fatty acids were able to cross placenta. Li fact, the transfer of 
trans fatty acids from matemal diet to fetus through placenta was also found in 
humans (Koletzko and Miller, 1990). However, the present study showed that only 
about 1.90%-2.87% oitrans fatty acids were detected in fetal liver phospholipids at 
term, indicating that trans fatty acids could only cross placenta partially since the 
level of trans fatty acids in liver phospholipids at day 26 was as high as 14.25%. 
A gradual decrease in percentage of 18:2t isomers of liver phospholipids in 丨 
rats fed PHCO diets when 18:2n-6 supplementation increased. This suggests that 
18:2n-6 and 18:2t isomers are competitive in incorporation to liver phospholipids 
(Table 4.12-14). 
'I 
4.5.4 The inhibitory effect of trans fatty acids on synthesis of 20:4n-6 in neonatal 
liver 
] 
It was found that 20:4n-6 was one of the major fatty acids in neonatal liver 
phospholipids in both experiments. Li Experiment 1，the levels of 20:4n-6 in liver 
phospholipids among the three groups at day 5 and 12 were similar (Figure 4.7). 
This showed that neonates were solely dependent on the supply of 20:4n-6 from 
miUc because early study demonstrated that the activity of A6 desaturase in liver was 
very low after birth and during early growth, but it significantly increased after 20 
days of birth (Cook, 1976). After maturation of neonatal desaturation and 
99 
elongation pathway in liver at about 20 days after birth, LCPUFA such as 20:4n-6 
could be synthesized from 18:2n-6. This can be illustrated by the fact that 20:4n-6 
at day 26 was higher than that of earlier days oflactation (Figure 4.7). 
The results of the present study were in agreement with those of several in 
vitro and in vivo studies which showed that the trans fatty acids inhibited EFA 
metabolism i f dietary 18:2n-6 was inadequate (Anderson et al., 1975; Kurata and 
Privett, 1980; Hi l l et al., 1982; Kirstein et al., 1983). Lawson et al. (1983) showed 
that suppression of20:4n-6 occurred even when adequate amount of 18:2n-6 was in 
the diet. However, the diet they used contained 33.2% (by wt) of 18:lt, which was ； 
much higher than in the present study. Another study using 10.5% total trans fatty 
acids and 18.0% 18:2n-6 also reached a similar conclusion that the trans fatty acids 
interfered with the chain-elongation and desaturation ofl8:2n-6 (Hil l et al., 1982). 
In conclusion, intake of trans fatty acids in man may not induce any 
deleterious effect on EFA metabolism i f 18:2n-6 is sufficient to overwhehn the 
inhibitory effect oftrans fatty acids posed (Gurr, 1983). However, the suppression 
of EFA metabolism by trans fatty acids is more pronounced when 18:2n-6 
availability is marginal or deficient. The health consequence of trans fatty acids in 
pregnant mothers and newbom infants should be of particular concem since EFA is 
highly required in these groups OHolman et al.，1991). 
100 
4.5.5 Effect of 18:2n-6 supplement on 20:4n-6 level of neonatal liver 
20:4n-6 in neonatal liver phospholipids is positively related to the amount of 
18:2n-6 supplement (Figure 4.10). Addition ofO.50% and 1.50% energy of 18:2n-
6 in diet could raised 20:4n-6 approaching to the control value (Group C) in 
neonatal liver phospholipids at day 26. It should be noted that no change in 20:4n-6 
level was observed in Group D fed a PHCO diet with supplementation of 0.25% 
energy of 18:2n-6 (Figure 4.10). This indicated that at 0.25% energy 
supplementation of 18:2n-6 was not sufficient to suppress the inhibitory effect of 
1 
trans fatty acids. 
4.5.6 Suppression of 18:2n-6 supplement on synthesis of 20:4t isomers 
It was known that 18:2t isomers such as 18:2A9cl3t and 18:2A9cl2t could 
> 
compete for desaturase and elongase with 18:2n-6 (Figure 4.13). In the present 
study, the level of 20:4t isomers in liver phospholipids was monitored by rats fed a 
PHCO diet with varying amount of 18:2n-6 supplement. The objective was to 
I 
determined the minimum amount of dietary 18:2n-6 required to prevent 18:2t 
isomers from entering desaturation and elongation pathway. As seen in Figure 
4.11, the amount of20:4t isomers in liver phospholipids of Group D (0.25% energy 
18:2n-6 supplement) was nearly the same as that of Group A (no supplement). The 
presence of 20:4t isomers suggested that trans fatty acids not only inhibited the 
conversion of 18:2n-6 to 20:4n-6 but also acted as a competitor for desaturase and 
elongase with 18:2n-6. The minimal matemal and neonatal requirement for 18:2n-6 
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Figure 4.13. Competition of l8 :2t isomers and 18:2n-6 for desaturase and 
elongase. 
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to suppress the production of20:4t isomers was found to be 2.00% and 2.50% total 
energy, respectively (Figure 4.12). This was in agreement with the study of 
Zevenbergen and Houtsmuller (1989) who proposed that 2% energy from 18:2n-6 
was sufficient to eliminate any effect of trans fatty acids. Ratnayake et al. (1994) 
even suggested that dietary 18:2n-6 more than 1.46% energy was able to completely 
inhibit the formation ofthese 20:4t isomers in normal male rats. The present study 
was the first report to demonstrate that 2.50% 18:2n-6 as total energy was the 
minimal amount required to suppress the production of these unusual 20:4t isomers ^ 
j 
in neonatal rats. 
Also it was not surprising that the neonatal requirement for 18:2n-6 was 
higher than that of the matemal. It was because neonates had a much smaller 
reserve of 18:2n-6 than adult rat (Galli and Socini, 1983). Consequently, neonatal 
> 
EFA metabolism was more susceptible to be interfered by trans fatty acids. 
Although 0.50% and 1.50% energy of 18:2n-6 could sufficiently supply 
lactating dams and neonates with optimal amount of 20:4n-6, it was not enough to 
completely eliminate the formation of these 20:4t isomers, which may have 
unknown biological activities (Beyers and Emken, 1991; Hohnan et al., 1991; 
Ratnayake et al., 1994). It seems reasonable to suggest that 18:2n-6 intake be 
increased and excessive trans fatty acids intake be avoided during pregnancy, 
lactation and infancy, when the requirements for LCPUFA are the highest. 
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4.6 Conclusion 
An inverse relationship was found between the trans fatty acids and 18:2n-6 
in rat milk and in diet. Moreover, the incorporation of dietary trans fatty acids in 
fetaVneonatal liver phospholipids was also linearly related to that in the matemal 
diet through placenta and milk. The inhibitory effects of trans fatty acids on 
synthesis of 20:4n-6 in rat milk and neonatal liver were also demonstrated. Two 
unusual 20:4t isomers in both matemal and neonatal liver phospholipids were 
identified as 20:4A5c,8c,llc,14t and 20:4A5c,8c,llc,15t, which were derived from 
s 
18:2A9c,12t and 18:2A9c,13t, respectively. The major fmding in the present study 
was that 18:2n-6 at 2.0% total energy in the diet was required to suppress the 
production ofthese two unusual 20:4t isomers in the matemal liver phospholipids 
whereas 18:2n-6 at about 2.5% of total energy in matemal diet was required to 
suppress the production of these two isomers in the neonatal liver phospholipids. 
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Chapter 5 Accumulation and turnover of trans fatty acids 
5.1 Introduction 
The incorporation of trans fatty acids into animal tissues has been 
extensively studied (Wood et al., 1977; Alfm-Slater and Aftergood, 1979; 
Blomstrand and Svensson, 1983). However, only few studies have reported the 
turnover rate of 18:lt isomers and no information is available for the turnover rate 
of 18:2t isomers. It is important to know how fast they can be removed from 场 
tissues, so that their adverse effects, i f any, can be eliminated. It was shown that it 
took 56 days for trans fatty acids in rat liver phospholipids decreased from 17.3% to 
undetectable concentration when rats were switched from a high trans fatty acid 
diet (52.9%) to a trans fatty acid-fi:ee diet (Moore et al” 1980). i i human studies, 
the turnover of trans fatty acids in human milk lipids was rapid (Chappell et al., 
1985; Hachey et al., 1987). The rapid turnover of trans fatty acids in humans may 
be due to the fact that they are readily oxidized fEmken，1984; Emken, 1991). On 
the other hand, comparative turnover rate between trans and cis fatty acids in 
human plasma lipids were very similar (Emken et al., 1983; Emken et al., 1985). 
5.2 Objective 
Tissue 18:lt and 18:2t isomers must be of dietary origin since they cannot be 
synthesized in mammals. Thus, the objective of the present study was to examine 
the accumulation and turnover rate of individual trans fatty acids in rat tissues by 
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cross-over feeding of a trans fatty acids-free diet [Canola oil (CO) diet] and a trans 
fatty acids-containing diet [partially hydrogenated canola oil (PHCO) diet]. L i 
addition, the effect of cross-over feeding on the fatty acid composition of rat brain 
was also studied. 
5.3 Materials and Methods 
5.3.1 Materials 
The 2 months old Sprague-Dawley rats used were the second generation of 
场 
the dams fed CO diet (Group C in Experiment 1，Chapter 4) and PHCO diet (Group 
A in Experiment 1, Chapter 4). The neonatal rats were maintained the same diet of 
the dams after weaning. Thus, the tissues of PHCO group were already saturated 
with trans fatty acids as earlier as in fetal stage; and CO group was almost free from 
trans fatty acids during neonatal growth. Two groups rats (n=30/group, 5 rats/cage) 
were housed in an animal room with 12 hr lightMark cycle at 25°C. The two semi-
synthetic diets contained 15% PHCO (Diet A) and 15%C0 (Diet C), respectively. 
Food ingredients and fatty acid composition of the diets are shown in Table 4.1 and 
Table 4.2 (see Diet A and C). Accumulation and turnover rate of trans fatty acids 
were determined by cross-over of the two diets. Rats originally fed PHCO diet 
were switched to CO diet or vice versa. Five rats in each group were killed at week 
0, 2, 5，7, 9，and 11 during cross-over of the diets. Liver, adipose tissue and brain 
were excised for fatty acid analysis. 
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5.3.2 Fatty acid analysis 
Lipids were extracted from 300mg of liver, adipose tissue and blended brain 
by using 15ml CHCl3-MeOH (2:1 vol/vol) and 3ml of saline. The samples were 
homogenized in ice bath for 1 minute. Lipid extracts of liver and brain were dried 
under a gentle stream of nitrogen, followed by redissolving in chloroform. 
Phospholipids of liver and brain were isolated by thin layer chromatography using a 
developing solvent system ofhexane/diethyl ether/acetic acid (80:20:1, voVvoWol) 
at room temperature. 2,7-Dichlorofluescein (0.2% in ethanol) (Sigma Chemicals ^ 
Co., St. Louis, MO, USA) was sprayed on to the TLC plate and phospholipids were 
visualized under UV light. The liver and brain phospholipids and adipose tissue 
lipids were transmethylated to FAME by 2mL 14% BF3-MeOH) (Sigma Chemicals 
Co, St. Louis, MO, USA) and toluene (2:1，voWol) at 90°C for 45 minutes. The 
FAME were analyzed by GLC using a SP-2560 flexible fused silica capillary 
column (100m x 0.25 nun i.d., 20 ^m f i lm thickness; Supelco, Inc.，Bellefonte, PA, 
USA) in a Hewlett-Packard 5890 Series H gas chromatograph equipped with flame 
ionization detector (Palo Alto, CA, USA). Colunrn temperature was programmed 
from 180°C to 220°C at a rate of l。C /minute, and then held at 210。C for 30 
minutes. Lijector and detector temperatures were 250°C. Hydrogen was used as the 
carrier gas at a head pressure of 20 psi. 
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5.3.3 Silver nitrate thin layer chromatography (AgNO3-TLC) 
AgNO3-TLC is a method to separate fatty acids according to their degree of 
unsaturation and configuration of double bonds. It was employed to verify the 
presence of 18:lt in rat brain fatty acid profile. AgNO3-TLC plates were prepared 
by soaking the TLC plate (20 X 20 cm, precoated with 250p<m silica gel, 60A; 
Macherey-Negel, Duren, Germany) into AgNO3 solution (lOOgy^  L of acetonitrile). 
The pooled brain FAME samples were loaded onto the AgNO3-TLC plates which 
were then developed in toluene at -25°C for 2 hrs. The band of trans ^ 
monounsaturated fatty acid was scrapped off and analyzed by GLC. 
5.4 Results 
5.4.1 Accumulation of trans fatty acids in liver and adipose tissue 
The accumulation of trans fatty acids in rat tissues were determined by 
feeding PHCO diet to CO group {trans fatty acids fi:ee ). The accumulation rate of 
18:lt in rat liver and adipose tissue is shown in Figure 5.1. 18:lt took about 20 
days to reach a maximum level (8.79%) in liver whereas it took about 34 days 
(10.49%) in adipose tissue. 
18:2t isomers are another major class of trans fatty acids, although they are 
quantitatively much smaller than 18:lt. The level of accumulation of 18:2t isomers 
in liver and adipose tissue was different. As shown in Table 5.1 and 5.2, liver was 
saturated with 18:2t isomers by only 0.50%, whereas 18:2t isomers could 
accumulate up to 1.97% in adipose tissue. As seen in Table 5.1, the two 20:4t 
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Figure 5.1. Accumulation of 18:lt (% total fatty acids) in liver and adipose 
tissue when CO group was switched from a CO diet ODiet C) to a PHCO diet 
(DietA). 
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Table 5.7. The change of fatty acid composition (% total fatty acids) of rat brain 
phospholipids when PHCO group was switched from a CO diet to a PHCO diet*. 
Fatty acid WeekO Week2 Week5 Week7 Week9 Week 11 
Sum Saturated ‘ 42.25土1.73 37.09t0.75 35.05土1.42 34.80土0.41 32.93±1.29 34.96±1.69 
Monounsaturated 
16:1 A7c 0.18土0.04 0.09士0.01 0.02土0.05 0.13±0.07 0.00士0.00 0.12土0.01 
16:1 A9c 0.26±0.02 0.18士0.04 0.47土0.08 0.29士0.10 0.28土0.06 0.22±0.03 
18:1 A9c 6.19士0.58 5.70士0.49 7.81士0.56 6.66±0.48 8.26土0.93 6.34土0.56 
18:lc 2 . 8 2 ± 0 . 1 5 2.37t0.28 3.31士0.42 3.00士0.30 3.09士0.60 2.97±0.17 
Total Mono. 9.81t06.2 8.48士0.79 11.75土0.65 10.13土0.85 11.77士1.22 9.76+0.71 
n-6 PUFA 
18:2n-6 8.90土1.21 5.85±0.31 6.11土0.41 3.82土0.43 5.51土1.01 3.99士0.59 
20:3n-6 0.65士0.08 0.76土0.08 1.13土0.09 0.88+0.33 1.06士0.12 0.68土0.15 _ 
20:4n-6 2 8 . 3 1 ± 1 . 2 3 2 4 . 9 8土 0 . 7 7 22.79t0.58 24.84+1.48 24.84±1.60 2 6 . 0 9 ± 0 . 6 7 
22:4n-6 0.00土0.00 0.13土0.00 0.00土0.00 0.06士0.09 0.17土0.10 0.17士0.01 
22:5n-6 0.00士0.00 0.17t0.02 0 . 5 4 1 0 . 3 7 1.11土0.45 0.85士0.19 0.87i0.18 
Total n-6 38.02±1.19 31.89i0.69 30.58±0.77 30.73士1.09 32.45士0.53 31.80±0.42 
n-3 PUFA 
18:3n-3 0.16土0.10 0.06土0.05 0.00土0.00 0.00土0.00 0.00士0.00 0.0010.00 
20:5n-3 0.32t0.20 0.62土0.14 0.24±0.15 0.44土0.14 0.25土0.06 0.21土0.08 
22:5n-3 0.84i0.07 0.53±0.09 0.49土0.05 0.32土0.09 0.37土0.05 0.38土0.05 
22:6n-3 7.30土0.72 11.69土1.18 8.63土0.50 10.82土1.83 8.03士0.77 10.4910.41 
Total n-3 8.61土0.85 12.90±1.22 9.36±0.39 11.58土1.81 8.64土0.74 11.08土0.42 
Trans fatty acids 
1 8 : l t 0.00士0.00 6.83土0.78 8.26士1.16 8.76土0.64 8.17士1.03 8.79士0.44 
18:2 A9t,12t 0 .00土0.00 0.00士0.00 0 .00士0.00 0.05士0.07 0 .00土0.00 0.00土0.00 
18:2 A9c,13t 0.00i0.00 0.05土0.04 0.12土0.07 0.06土0.08 0.15±0.02 0.11土0.02 
18:2 A9cJ2t 0.00士0.00 0.05士0.06 0.0010.00 0.07土0.10 0.07土0.04 0.13±0.01 
18:2 A9t,12c 0.00士0.00 0.17土0.02 0.31土0.06 0.26±0.06 0.26i0.06 0.26士0.05 
Sum 18:2t 0.00士0.00 0.27士0.09 0.43t0.12 0.44i0.30 0.48土0.07 0.50士0.08 
20:4A5c,8c,llc,15t 0 . 0 0 ± 0 . 0 0 0.00土0.00 0.16土0.09 0.12±0.04 0.17土0.03 0.15i0.06 
20:4A5c,8c,llc,14t 0.00土0.00 0.00士0.00 0.37士0.04 0.22土0.06 0.24土0.07 0.28土0.02 
Sum 20:4t 0.00±0.00 0.0010.00 0.53t0.11 0.3010.13 0.41土0.10 0.41±0.02 
Total trans ^ 0.00±0.00 7.09士0.86 8.63±1.41 9.19士0.73 8.65士1.04 9.30±0.51 




Table 5.7. The change of fatty acid composition (% total fatty acids) of rat brain 
phospholipids when PHCO group was switched from a CO diet to a PHCO diet*. 
Fatty acid WeekO Week2 Week5 Week7 Week9 W e e k l l 
Sum Saturated ‘ 17.45±0.49 19.25土1.93 18.48土1.25 16.96士0.68 18.44土1.46 15.17土1.19 
Monounsaturated 
16:1 A7c 0.64土0.09 0.58t0.04 0.41土0.02 0.46i0.04 0.16±0.22 0.64i0.03 
16:1 A9c 2.05土0.37 1.92±0.58 2.51±0.49 1.80土0.36 1.75士0.54 1.90±0.38 
18:1 A9c 52.80士0.44 51.88土1.73 53.17士1.53 57.86士3.01 62.23tl.53 56.41土0.69 
18:lc 3.71土0.11 4.35士0.24 3.95士2.29 2.78土2.80 0.00士0.00 5.17i0.08 
20 : lA l l c 1.13±0.05 0.81土0.09 0.48±0.07 0.41土0.05 0.43土0.06 0.46土0.05 
Total Mono. 60.55±0.57 60.97±2.02 61.67士1.60 65.07t0.43 66.63士1.72 65.22±1.78 
n-6 PUFA 
18:2n-6 15.87土0.39 9.53士1.03 4.60土0.89 3.74t0.46 4.21土0.46 4.26±0.40 ^ 
n-3 PUFA 
18:3n-3 4.04士0.26 1.92t0.33 0.74土0.24 0.47土0.08 0.55士0.18 0.47i0.11 
Trans fatty acids 
16:1 A7t 0.00士0.00 0.40士0.07 0.73土0.09 0.71士0.09 0.54±0.09 0.87±0.03 
18:lt 0.00±0.00 5.84土1.05 9.81土1.03 10.49士0.69 9.88土0.31 10.08土0.69 
18:2 A9t,12t 0.00i0.00 0.00士0.00 0.00士0.00 0.00士0.00 0.00±0.00 0.00±0.00 
18:2 A9c,13t 0.12i0.01 0.45±0.09 0.83i0.09 0.90士0.03 0.51±0.06 0.85土0.03 
18:2 A9cil2t 0.12士0.01 0.45±0.09 0.83土0.09 0.90±0.03 0.51土0.06 0.85t0.03 
18:2 A9t,'l2c 0.00±0.00 0.41土0.05 0.60±0.06 0.62±0.03 0.14土0.12 0.50±0.03 
Sum 18:2t 0.14土0.07 1.29±0.18 2.02±0.20 2.15±0.07 0.94土0.19 1.97土0.08 
Total trans ^ 0.14tQ.Q7 7.12±1.23 11.83士1.20 12.64士0.73 10.82土0.42 12.05±0.77 




isomers (20:4A5c,8c,llc,15t and 20:4A5c,8c,llc,14t) derived from 18:2A9c,12t and 
18:2A9c,13t were detected after 5 weeks of cross-over feeding. However, the total 
amount of these two isomers was only about 0.53% at week 5. 
5.4.2 Selectivity of individual 18:2 trans isomers in liver and adipose tissue 
The amount of individual 18:2t isomers incorporated into adipose tissue and 
liver is different (Table 5.3). The selectivity (% in tissue/% in diet) of 18:2A9c,13t 
and 18:2A9c,12t was therefore introduced, ln general, selectivity of these isomers ^ 
in adipose tissue was higher than that in the liver except 18:2A9c,12t. Among these 
isomers, 18:2A9c,12t had a higher selectivity in both liver and adipose tissue 
followed by 18:2A9c,13t and 18:2A9t,12t in a decreasing order. 
5.4.3 Turnover of trans fatty acids 
The turnover of 18:lt in liver and adipose tissue is shown in Figure 5.2. Li 
both tissues, 18:lt could not be completely removed during the whole period (11 
weeks) when PHCO group was switched from a PHCO diet to a CO diet. About 
1.00% and 1.30% of 18:lt were still remained in liver and adipose tissue, 
respectively. Although both tissues had approximately same amount of 18:lt 
remained, it should be noted that the turnover rate between them was different. The 
amount o f l 8 : l t was decreased from 8.4% to 1.0% in liver whereas it was decreased 
from 13.0% to 1.3% in adipose tissue. Thus the rate of disappearance of 18:lt in 
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Table 5.3. Selectivity of individual 18:2t isomers of liver and adipose tissue when CO 
group was switched firom a CO diet to a PHCO diet for 11 weeks*. 
D ^ PHCO group 
Fatty acid^ Liver Adipose 
18:2A9c,13tb 1 . 3 6土 0 . 0 1 0 . 8 7 ± 0 . 0 7 1 . 1 1土 0 . 0 3 
1 8 : 2 A9c,12f 1 . 0 6士 0 . 0 1 0 . 9 9土 0 . 1 0 0 . 8 3士 0 . 0 2 
18:2 A9t,12c 1.2910.01 0 . 7 1土 0 . 0 4 0 . 7 7士 0 . 0 2 
Fatty acid Selectivity^ 
18:2 A9c,13t 0.63 0.81 
18:2 A9c,12t 0.93 0.78 
18:2 A9t,12c ^ 0.59 
*Data are expressed as mean 土 SD of n=5 samples, 
a 18:2A9t, 12t was non-detectable and is not included in calculation. 
b，c The percentages of 18:2A9c, 13t and 18:2A9c, 12t were adjusted for those metabolized to ^ 
20:4A5c,8c, 11 c, 15t and 20:4A5c,8c, 11 c，14t. 
d Selectivity values were calculated as the ratio of percentage of fatty acid in tissue to that 
in diet. 
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Figure 5.2. Tumover of 18:lt (% total fatty acids) in liver and adipose 
tissue when PHCO group was switched from a PHCO diet (Diet A) to a 
CO diet (piQt C). 
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adipose tissue was faster than in liver, hi fact, the first half life of 18:lt in adipose 
tissue (16 days) was about 4 days less than that ofliver (20 days). 
La contrast to that of 18 : l t , the turnover of 18:2t in liver phospholipids was 
much faster than that in adipose tissue. The level of total 18:2t isomers in liver was 
dropped rapidly from 1.46% to 0.22% after two weeks of cross-over feeding (Table 
5.4) whereas in adipose tissue, the level of 18:2t dropped from 2.71% to 1.68% 
(Table 5.5). At week 5 after cross-over feeding, 18:2c,t isomers were undetected 
while 1.00%-1.05% ofl8:2c,t isomers were still retained in adipose tissue. 
^ 
In liver, the turnover of 20:4t isomers was as rapid as 18:2t. They were 
1 
ahnost disappeared after two weeks of cross-over feeding, ln adipose tissue, there 
were no 20:4t isomers detected and therefore, the turnover of these isomers could 
not be determined. 
I 
5.4.4 Accumulation and turnover of 18:lt in brain 
The presence of trans fatty acids in rat brain was examined in the present 
study. The separated monounsaturated trans fatty acids (18:lt) using AgNO3-TLC 
was compared with typical fatty acid chromatogram of brain phospholipids in rats 
fed PHCO diet. The result indicated that 18:lt was present in brain phospholipids 
in rats fed PHCO diet although it was quantitatively minor (Figure 5.3). Another 
evidence was provided by the changes in fatty acid composition of the brain during 
cross-over feeding. As shown in Table 5.6, the percentage of the speculated 18:lt 
peak increased when the rats were switched from a CO diet to a PHCO diet. On the 
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Table 5.7. The change of fatty acid composition (% total fatty acids) of rat brain 
phospholipids when PHCO group was switched from a CO diet to a PHCO diet*. 
Fatty acid WeekO Week2 Week5 Week7 Week9 Week 11 
Sum Saturated ‘ 32.02±098 38.94土0.55 38.45土1.02 42.23土0.69 38.05土1.02 43.81士0.64 
Monounsaturated 
16:1 A7c 0.13士0.02 0.09士0.01 0.14±0.02 0.07t0.02 0.08±0.02 0.00士0.00 
16:1 A9c ,0.58±0.13 0.16土0.03 0.22±0.06 0.10土0.01 0.22土0.05 0.15±0.12 
18:1 A9c 11.34土0.87 5.56±0.31 6.54土0.81 3.8910.37 6.00士0.46 4.56士0.23 
18:lc 4.31土0.21 2.3210.10 2.50土0.07 2.57±0.36 3.19土0.36 1.84±0.08 
Total Mono. 16.53士0.89 8.26土0.42 9.64土0.80 6.77土0.70 9.70±0.68 6.63±0.17 
n-6 PUFA 
18:2n-6 6.24士0.40 6.65土0.74 7.84士0.62 5.99土0.45 7.58+0.58 7.18土0.42 
20:3n-6 0.92士0.11 0.51士0.09 0.72i0.14 0.56土0.13 0.76土0.07 0.68土0.12 _ 
20:4n-6 15.06±0.95 26.66土1.00 29.76土1.6 27.49士0.62 31.58土0.86 27.28±0.48 
22:4n-6 0 . 1 3 ± 0 . 0 3 0.23土0.05 0.08土0.09 0.23i0.10 0.20±0.10 0.00+0.00 
22:5n-6 1.59士0.21 0.06土0.05 0.00i0.00 0.03士0.07 0.01土0.03 0.00±0.00 
Total n-6 23.95±0.89 34.12土0.92 38.54+2.04 34.43+1.02 40.30+0.95 35.15i0.37 
n-3 PUFA 
18:3n-3 0.00t0.00 0.20土0.03 0.14土0.03 0.17土0.10 0.23土0.01 0.0410.08 
20:5n-3 0 . 0 9 ± 0 . 0 1 0 . 1 9 ± 0 . 0 2 0.32±0.09 0.38土0.10 0.39±0.16 0 . 7 2 ± 0 . 3 2 
22:5n-3 0.40t0.53 0.6010.32 0.58±0.43 0.49±0.06 0.82±0.25 0.64±0.21 
22:6n-3 4.47t0.38 9.96士1.23 7.60士0.92 11.44土0.61 6.82土1.10 11.50土0.36 
Total n-3 4.96±0.68 10.94士1.15 8.65±1.16 12.47±0.64 8.25±0.79 12.90t0.29 
Trans fatty acids 
18:lt 8.36t0.38 4.91土0.19 3.2010.43 2.30土0.44 2.13t0.15 0.96±0.14 
18:2 A9t,12t 0.18±0.06 0.06±0.08 0.00士0.00 0.00土0.00 0.00士0.00 0.00i0.00 f 
18:2 A9c,13t 0.36土0.02 0.02土0.02 0.0010.00 0.0010.00 0.00土0.00 0.00土0.00 | 
18:2 A9c',12t 0.21t0.04 0.04士0.02 0.00士0.00 0.00土0.00 0.00士0.00 0.00±0.00 丨 
18:2 A9t,'l2c 0 . 7 1 ± 0 . 0 4 0.09土0.01 0.00+0.00 0,00士0.00 0.01t0.02 0.00t0.00 
Sum 18:2t 1.46士0.06 0.22土0.09 0.00i0.00 0.00土0.00 0.01±0.02 0.00土0.00 
20:4A5c,8c,llc,15t 0.51土0.05 0.04士0.05 0.00t0.00 0.04土0.01 0.01±0.02 0.0010.00 
20:4A5c'8c'llc44t 0.78t0.06 0 . 0 5 + 0 . 0 5 0.00±0.00 0.01士0.03 0.05±0.03 0.00士0.00 
Sum 20:4t ‘ ， 1.29士0.09 0.09士0.01 0.00土0.00 0.06士0.13 0.06土0.03 0.00±0.00 
Total trans ^ 9.82±0.41 5.12t0.27 3.20±0.43 2.30±0.44 2.14±0.16 0.96±0.14 




Table 5.5. The change of fatty acid composition (% total fatty acids) of adipose tissue when 
PHCO group was switched from PHCO diet to a CO diet*. 
Fatty acid Week 0 Week 2 WeekS Week 7 Week 9 Week 11 
Sum Saturated a 14.02±1.60 15.30±1.31 11.94±1.23 12.14±O.73 11.84±O.25 14.70±2.54 
Monounsaturated 
16:1 i17c O.46±O.O5 O.56±O.13 O.46±O.O5 O.52±O.O4 O.43±O.O2 O.79±O.19 
16: 1 i19c 2.07±O.37 2.62±O.53 1.34±O.40 1.48±O.21 1.08±O.12 1.45±O.28 
18: 1 i19c 52.04±1.25 53.34±1.34 60.11±1.63 60.50±O.99 62.77±O.47 55.92±2.68 
18:1c 6.37±O.29 4.58±O.41 O.82±O.29 O.97±O.O9 O.OO±O.OO 3.10±O.17 
20:1i111c O.52±O.O9 O.71±O.O7 O.85±O.O7 O.72±O.O8 O.88±O.O9 O.91±O.16 
Total Mono. 62.91±1.61 61.85±1.84 64.72±1.80 65.21±O.97 66.10±1.18 63.42±3.13 
n-6 PUFA 
18:2n-6 1.66±O.O9 6.99±O.75 11.78±O.34 11.52±O.76 14.17±O.47 14. 14±O.46 
n-3 PUFA 
18:3n-3 O.OO±O.OO 1.49±O.24 2.74±O.35 2.39±O.29 3.26±O.19 2.81±O.20 
Trans fatty acids 
16: 1 117t O.62±O.O9 O.47±O.15 O.27±O.O5 O.30±O.O4 O.OO±O.OO O.O9±O.11 
18:1t 13.02±O.61 7.01±l.Ol 3.94±O.42 4.13±O.56 2.15±O.25 1.25±O.22 
18:2 i19t,12t O.OO±O.OO O.OO±O.OO O.OO±O.OO O.OO±O.OO O.OO±O.OO O.OO±O.OO 
18:2 i19c,13t 1.11±O.O3 O.67±O.O5 O.36±O.O9 O.42±O.O7 O.OO±O.OO O.O6±O.O8 
18:2 i19c,12t O.83±O.O2 O.53±O.O2 O.32±O.O7 O.33±O.O6 O.OO±O.OO O.14±O.10 
18:2 i19t,12c O.77±O.O2 O.48±O.O2 O.32±O.O5 O.30±O.O7 O.OO±O.OO O.O3±O.O6 
Sum 18:2t 2.71±O.O6 1.68±O.O8 1.00±O.20 1.05±O.20 O.OO±O.OO O.23±O.17 
Total trans b 15.73±O.63 8.69±l.O6 4.94±O.55 5.18±O.68 2.15±O.25 1.48±O.24 
*Data are expressed as mean ± SD of n=5 samples. 
aI6:0+ 18:0. 
b18: 1 t+ 18:2t. 
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Figure 5.3. The typical chromatograms of the fatty acid methyl esters from rat brain 
phospholipids (upper) and isolated monounsaturated trans fatty acids methyl ester (lower) 
byAgNO3-TLC. 
118 
Table 5.7. The change of fatty acid composition (% total fatty acids) of rat brain 
phospholipids when PHCO group was switched from a CO diet to a PHCO diet*. 
Fatty acid WeekO Week2 Week5 Week7 Week9 Week 11 
Sum Saturated ^ 41.57t0.60 41.18±0.50 40.27±0.92 38.89+1.66 40.33±1.11 41.34土0.59 
Monounsaturated 
16:1 A7c 0.15±0.01 0.13士0.01 0.09土0.05 0.04土0.06 0.06土0.06 0.35t0.49 
16:1 A9c 0.33土0.01 0.33t0.02 0.34士0.01 0.3010.02 0.26士0.14 0.35±0.02 
18:lA9c 16.79土0.51 16.65i0.21 17.62t0.42 17.74土1.79 17.23土0.41 17.17±0.22 
18:lc 3.36土0.09 3.07t0.13 3.37土0.03 3.27t.042 3.22士0.16 3.10±0.07 
Total Mono. 23.66土0.76 22.93t0.36 24.47土0.41 24.72土2.54 23.64t0.64 23.88t0.65 
n-9 PUFA 
20:3n-9 0.03土0.04 0.05土0.04 0.14土0.08 0.08±0.07 0.22+0.02 0.12土0.02 
n-6 PUFA 
18:2n-6 0 . 7 3 + 0 . 0 5 0.44土0.01 0.36i0.02 0.30+0.05 0.31i0.03 0.28i0.01 
20:3n-6 0 . 4 3 + 0 . 0 1 0.37土0.03 0.33i0.02 0 . 2 9 + 0 . 0 4 0.26±0.02 0.25i0.04 
20:4n-6 9 . 5 1 ± 0 . 3 4 9.69±0.22 9.24i0.34 9 . 2 3 ± 1 . 2 5 9.53+0.34 9.69土0.18 
22:4n-6 2.84土0.09 2.98士0.10 2.78土0.17 2 . 8 8 + 0 . 2 5 2.66±0.21 2.72土0.13 
22:5n-6 0.25土0.03 0.29±0.02 0.40士0.04 0.47t0.15 0.59士0.09 0.46土0.06 
Total n-6 14.20t0.38 14.26±0.35 13.62±0.55 13.75士1.38 13.94土0.56 13.85±0.32 
n-3 PUFA 
18:3n-3 0.37士0.05 0.32+0.02 0 . 3 8 ± 0 . 0 2 0.40土0.12 0.34土0.03 0.31土0.01 
20:5n-3 0 . 3 0 ± 0 . 0 4 0.34士0.04 0.35i0.01 0.38t0.10 0 . 3 5 + 0 . 0 5 0.33i0.03 
22:5n-3 0 . 2 3 ± 0 . 0 2 0.18士0.01 0.03±0.06 0.00土0.00 0.00土0.00 0.0010.00 
22:6n-3 13.46士0.23 14.36士0.59 13.46i0.52 14.24土0.76 14.20土0.77 13.27士0.44 
Total n-3 14.35t0.18 15.19±0.56 14.22t0.56 15.02i0.72 14.89i0.77 13.91±0.41 
Trans fatty acids 
18:lt Q.OOtO.QQ 0.24t0.01 0.40土0.08 0.32±0.03 0.38lQ.07 0.33±0.02 
*Data are expressed as mean 土 SD of n=5 samples. 
n6:0+18:0 
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other hand, the percentage of the speculated 18:lt peak decreased gradually after 
switching from a PHCO diet to a CO diet (Table 5.7). Combining these 
information, it was likely that 18:lt could incorporate into rat brain but with a very 
limited capacity ofincorporation. 
The 18:lt in brain phospholipids of rats fed PHCO diet before cross-over 
feeding was about 0.55%. The accumulation o f l 8 : l t in rat brain of CO group after 
cross-over feeding to PHCO diet was only about 0.36% throughout the study. 
Lower accumulation of 18:lt in rat brain comparing with other tissues may be due 
to faster removal, or more resistant to the incorporation, of trans fatty acids. The 
result showed that 18:lt in rat brain disappeared in about 2 weeks (Table 5.7). This 
turnover rate was higher than that in adipose tissue. 
5.5 Discussion 
5.5.1 Accumulation of trans fatty acids in liver and adipose tissue 
Higher level ofaccumulation of trans fatty acids (18:lt and 18:2t) in adipose 
tissue than in liver was shown in this study. This agreed with most of other studies 
(Bonaga et al., 1980; Holman et al., 1983). It is probably due to the differences in 
ftmction and metabolic activities between tissues. Adipose tissue was regarded as 
lipid storage tissue, and it could mostly reflect diet composition (Reichwald-Hacker 
et al., 1979). Therefore, it was not surprising that it accumulated higher percentage 
of trans fatty acids in rats fed a high trans fatty acid diet. Li humans, quantitative 
relationship between fatty acid composition of the diet and that of adipose tissue 
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Table 5.7. The change of fatty acid composition (% total fatty acids) of rat brain 
phospholipids when PHCO group was switched from a CO diet to a PHCO diet*. 
Fatty acid WeekO Week2 Week5 Week7 Week9 Week 11 
Sum Saturated ^ 41.48i0.96 41.32士0.56 40.35±1.28 41.53±0.93 41.13土1.04 40.94i0.63 
Monounsaturated 
16:1 A7c 0.14t0.01 0.12士0.01 0.11±0.01 0.13±0.01 0.09±0.06 0.12±0.01 
16:lA9c 0.36土0.02 0.34±0.01 0.31土0.02 0.33土0.01 0.34±0.02 0.34t0.02 
18:lA9c 15.61±0.40 15.43db0.32 16.39i0.92 15.58±0.73 16.57±0.39 16.87±0.99 
18:lc 3.47土0.08 32.3土0.07 3 . 6 0 ± 0 . 4 8 3.18土0.18 3.28t0.06 3.33土0.17 
Total Mono. 22.55t0.39 21.72土0.52 23.50士1.84 22.01土0.90 23.20±0.56 23.36土1.12 
n-9 PUFA 
20:3n-9 1.31土0.16 0.62土0.03 0.42i0.04 0.24t0.02 0.25±0.05 0.26i0.03 
n-6 PUFA 
18:2n-6 0.36士0.06 0.47土0.03 0.55±0.06 0.55±0.03 0.55db0.04 0.60士0.03 
20:3n-6 0.28土0.02 0.24土0.01 0.25±0.02 0.25±0.02 0.24土0.02 0.31土0.01 
20:4n-6 9.76±0.26 10.27+0.39 9.38±1.14 9.72+0.38 9.82±0.20 9.65i0.42 
22:4n-6 2.79±0.22 3 . 0 7 ± 0 . 2 2 2 . 8 8 ± 0 . 3 0 2.80t0.22 2.91±0.19 2.74土0.17 
22:5n-6 6.10土0.15 4.95+0.21 2 . 4 1 ± 0 . 5 6 1.73±0.26 1.18土0.19 0.84土0.17 
Total n-6 19.53±0.26 19.43+0.74 12.78i7.31 15.48±0.57 12.1716.81 11.66±6.54 
n-3 PUFA 
18:3n-3 0.30±0.03 0.30士0.03 0.41土0.15 0.30士0.07 0.31±0.03 0.33±0.03 
20:5n-3 0 . 6 7 ± 0 . 0 5 0.25±0.02 0 . 2 7 ± 0 . 0 5 0.26土0.02 0.31土0.04 0.44±0.05 
22:5n-3 0.00士0.00 0.24土0.02 0.22土0.04 0.16土0.09 0.11土0.13 0.12土0.13 
22:6n-3 6.39士0.53 9.47士0.58 11.64i0.62 13.14土0.79 12.71t0.27 14.05土1.17 
Total n-3 7.36土0.52 10.27db0.60 12.55±0.67 13.86土0.81 15.21t0.31 14.57土0.64 
Trans fatty acids 
18:lt 0.5510.02 0.27i0.04 0.14土0.02 0.05土0.08 0.03土0.06 0.00±0.00 
*Data are expressed as mean 土 SD ofn=5 samples. 
^6:0+18:0. 
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was established (Beynen et al., 1980). Although the level of accumulation was 
higher in adipose tissue, the rate for 18:lt to reach a maximum level in liver was 
slight faster than that in adipose tissue (Figure 5.1). 
The selectivity of individual 18:2t isomers were shown in Table 5.3. The 
selectivity of 18:A9c,13t and 18:2A9c,12t was higher than that of 18:2A9t,12c in 
both liver phospholipids and adipose triacylglycerol. The two former 18:2 
geometric isomers possessed a cis double bond at position A9 whereas it was in 
trans configuration in the latter, suggesting that the cis configuration ofthe double 
bond in position A9 may be crucial for their incorporation. It was not known 
whether the selectivity of 18:2t isomers was related to the ability in entering 
desaturation-elongation pathway since 18:2A9t,12c was not recognized by A6 
desaturase (Ratnayake and Pelletier，1992). Li addition, 18:2A9c,12t had a higher 
selectivity than 18:2A9c,13t in liver, implying that not only a cis configuration of 
double bond at position A9 but also the two methylene-interrupted double bonds in 
the former is mostly favored for tissue incorporation. The amount of 18:2t,t in the 
diet of present study was negligible, its incorporation was therefore undetermined. 
However, it was also suggested that 18:2t,t was strongly excluded from 
incorporation into rat tissues phospholipids (Emken, 1984). 
5.5.2 Turnover of trans fatty acids 
The result of the present study showed that 18:lt isomers were not 
completely removed in both liver and adipose tissue after 11 weeks of cross-over 
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feeding. These findings especially in liver disagreed with other turnover studies of 
trans fatty acids. One study showed that trans fatty acids (17.3%) in liver became 
non-detectable after 56 days of trans fatty acid fi:ee diet (Moore et al., 1980). 
Another study reported that trans fatty acids in liver, kidney and heart 
phospholipids and testes were disappeared within 4-8 weeks (Aswad et al., 1978). 
Jn addition, Aswad et al. (1979) and Moore et aL (1980) showed that the 
turnover in adipose tissue was slower than that in other tissues. Another 
contradictory finding in the present study was that the turnover of trans fatty acids 
in liver was lower than that of adipose tissue. This could be illustrated by the 
observation that the half-life o f l 8 : l t in liver and adipose tissue was 20 and 16 days, 
respectively. The discrepancy may be due to the recent advance in the resolution of 
capillary column so that the analysis of trans fatty acids is more accurate than 
before. 
There is little information available for the turnover rate of 18:2t isomers in 
literature, t i the present study, the turnover rate of 18:2t isomers as well as their 
products (20:4t isomers) was much faster in liver than that of adipose tissue. The 
rapid removal of l8:2t isomers from liver (2-5 weeks) suggested that they would not 
retain in liver probably because a cis fatty acid fits in membrane better than a 
corresponding trans fatty acid. 
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5.5.3 Accumulation and turnover of trans fatty acid in brain 
Several studies have investigated the effect of dietary trans fatty acids on the 
fatty acid composition ofbrain (Alfm-Slater and Aftergood, 1979; Hi l l et al., 1979). 
However, a recent study showed that no 18:lt and 18:2t was detected and the 
authors suggested that adult rat brain might selectively exclude geometrical isomers 
(Ratnayake et al” 1994). This suggestion agreed with other animal studies using 
pigs to examine incorporation of trans fatty acids (Pettersen and Opstvedt, 1988; 
Pettersen and Opstvedt, 1989). Although there might have different lipid 
metabolism between rat and pig, these studies showed that trace amount of 18:lt 
were accumulated in newbom piglet but not detectable in mature female pig. 
t i the present study, the effects of cross-over feeding on the fatty acid 
composition of rat brain were studied. The data showed that the 18:lt could 
accumulate within 2 weeks and reach a range of 0.3-0.4% starting from 5 weeks 
onward. Also, at the beginning of turnover study, the level of 18:lt was 0.55% 
because these rats were the second generation of rats fed a high trans fatty acid diet. 
This indicated that 18:lt were more readily incorporated into brain during fetal and 
neonatal development since feeding the same PHCO diet to adult rats obtained 
smaller amount of 18:lt (0.3-0.4%). Although fatty acid composition of rat brain 
was tightly regulated and regarded as the most resistant organ toward trans fatty 
acid incorporation, the accumulation and turnover data suggested that 18:lt could 
still accumulate in rat brain especially during fetal and neonatal growth in a much 
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smaller extent than other organs. Also, similar to other organs, it seemed that the 
time of incorporation was shorter than that of turnover. 
Since there was a small amount of trans fatty acids incorporated in rat brain, 
it was not known i f any adverse effect on brain function existed. Most studies 
concerning the effect of trans fatty on brain function were on the basis of inhibitory 
effect on brain EFA metabolism which in tum affecting the LCPUFA status 
(Pettersen and Opstvedt, 1988; Pettersen and Opstvedt, 1989). However, even 
though trans fatty acids were able to incorporate in rat brain as illustrated in this 
study, the inhibitory effect by such small quantity was questionable. 
5.6 Conclusion 
Liver and adipose tissue were different in several aspects such as rate, level 
and selectivity of accumulation and turnover of trans fatty acids. Also, rat might 
show different selectivity toward individual trans fatty acids. The cross-over 
feeding in the present study showed that the half life of 18:lt in adipose tissue and 
liver was 16 days and 20 days, respectively. Li contrast, 18:lt isomers took about 
20 days to reach an saturation level in liver whereas they took about 34 days in 
adipose tissue. The incorporation selectivity of 18:2t isomers in liver and adipose 
tissues was different with 18:2A9c,12t the highest followed by 18:2A9c,13t and 
18:2A9t,12c. The results of the present study also confirmed that 18:lt isomers 
could incorporated in brain phospholipids although the incorporation is 
quantitatively minor. 
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Chapter 6 In vivo oxidation of trans fatty acids in rat 
6.1 Introduction 
Dietary trans fatty acids, like cis ones, are accumulated in tissues (Lawson et 
al., 1985; Pettersen and Opstvedt, 1988; Wolffet aL, 1993; Chardigny et al., 1994) 
and also the trans fatty acid isomer distribution pattern in human tissues lipids was 
similar to that of PHVO (Ohlrogge et al., 1981). Study in rat heart homogenates 
and mitochondria showed that 18:lt isomers were oxidized more slowly than their 
cis counterparts (Lawson and Holman, 1981; Lanser et al., 1986). ln contrast, 
human heart homogenates was found to oxidize 18:lt and 18:ln-9 at the same rate 
(Lanser et aL, 1986). This finding agreed with another study in human subjects fed 
by carbon-13-labeled fatty acids showing no difference between the oxidation rate 
for 18:lt and 18:1c (Delany and Bray, 1993). It remains unknown i f such findings 
can extrapolate to intact animal fed both trans and cis fatty acids. It is also 
uncertain that impairment of utilization of energy in fast growing rats wi l l occur 
under these circumstances. Despite several decades of research on trans fatty acids, 
little is known about their proportional allocation between accumulation and 
apparent oxidation in growing animals. 
In vivo and in vitro oxidation of trans fatty acids has been extensively 
studied by using radioisotope methods (Lawson and Hobnan, 1981; Menon and 
Dhopeshwarkar, 1983; Ide and Sugano, 1984; Lanser et al., 1986). Since 
exogenously administered fatty acids to tissue homogenates and mitochondrial 
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extracts may not directly reflect the utilization of them in intact animals. Whole 
body fatty acid balance has been used to assess partition between oxidation and 
accumulation of 18:2n-6 and 18:3n-3. Similarly, the whole body fatty acid balance 
can also be applied to measure the apparent oxidation of trans fatty acids in intact 
rats, since trans fatty acids mainly including 18:lt and 18:2t cannot be synthesized 
in mammals, ]n brief, this method was employed to study the accumulation as well 
as oxidation by finding the difference from (a) the trans fatty acid composition of 
the diet, (b) the daily intake of trans fatty acids, (c) the whole body trans fatty acid 
content at the beginning and end of a study period. Li this regard, the difference 
between incorporation and intake provided indirect evidence of oxidation of trans 
fatty acids. 
6.2 Objective 
The objective of the present study was to measure the oxidation of 18:lt and 
18:2t isomers relative to their corresponding cis fatty acids by using whole body 
fatty acid balance technique. 
6.3 Materials and Methods 
6.3.1 Animals and Diets 
Weaning male Sprague-Dawley rats (1 month old) were randomly divided 
into 5 groups (n=10/group) and housed in stainless steel wire-bottom cages (five 
rats per cage) in animal room at 25°C with 12 hr light/dark cycles. Food intake and 
127 
body weight was measured daily and three times a week, respectively. Rats were 
fed by five different semi-synthetic diets containing 15% canola oil (CO), 15% 
partially hydrogenated canola oil (PHCO) or 15% PHCO with varying amount of 
18:2n-6 supplement (0.25%, 0.5% and 1.25% energy ofthe diet). The ingredients 
in diets were the same as those of previous experiments (Table 4.1). The fatty acid 
composition of the five diets are shown in Table 4.4. The animals were fed ad 
libitum to food and water. Five rats were killedjust before experiment started. The 
rats were killed after three weeks of feeding. The carcasses (whole body - blood) 
were stored at -20°C until being analyzed. 
6.3.2 Fatty acid analysis 
The whole carcasses were blended using a grinder and mixed thoroughly 
manually. Total lipids were extracted from lg of blended carcass by 20ml of 
chloroform-methanol (2:1, voVvol) and 3ml of saline. Heptadecanoic acid (Sigma 
Chemicals Co., St. Louis, MO, USA) was added as an internal standard to 
quantitate carcass total fatty acids. The ice cold samples were homogenized for 1 
minute. The bottom layer was taken out after centrifugation. 3mL lipid extracts 
were dried under nitrogen and then converted to FAME by 2mL 14% BF3-MeOH 
and lmL toluene at 90。C for 45 minutes under nitrogen. The FAME were extracted 
by adding 3ml hexane and 1ml saline to the reaction mixture. After centrifugation, 
the hexane layer was taken out and under a gentle stream of nitrogen. The resulting 
FAME was re-dissolved in lmL hexane for GLC analysis. 
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The FAME were analyzed by GLC using a SP2560 flexible fused silica 
capillary column (100m x 0.25mm LD., 20^im film thickness; Supelco, Lic. 
Bellefonte, PA, USA) in a Hewlett-Packard 5890 Series E gas chromatograph 
equipped with a flame ionization detector (Palo Alto, CA, USA). The column 
temperature was programmed from 180°C to 220°C at a rate l。C/minute and then 
held for 30 minutes. Lijector and detector temperatures were set at 250°C and 
column head pressure was set at 20 psi. 
6.4 Results 
The body weight of the rats fed a PHCO diet (Diet A) was slightly lower 
than those fed by a CO diet (Diet C) from Day 17 to 22. However, no significant 
difference was found among other groups (Table 6.1). The total food intake of the 
five groups is also shown in Table. 6.1. 
The fatty acid balances of the rats fed CO, and PHCO with 18:2n-6 
supplement diets are shown in Table 6.2 to 6.6. The accumulation and 
disappearance of individual fatty acids were compared with the net change in fatty 
acid content of the whole body. Disappearance was defined as the sum of oxidation 
and excretion of individual fatty acids. Since the excretion of each individual fatty 
acids was relatively small (<lOmg/day) comparing with oxidation, the 
disappearance data could mainly account for the oxidation of each individual fatty 
acids (Chen and Cunnane, 1993). Accumulation was calculated as the difference in 
the amount between the start and the end ofthe experiment 脚 .1 ) . Disappearance 
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Table 6.1. Body weight and daily food intake*. 
Gtoupa A D E F C 
Body weight(g) 
Initial 65.4±5.4 65.5±4.1 64.0±4.4 66.2±4.1 66.5+5.7 
(4 weeks old) 
Final 211±12.9 237±17.3 219±12.1 216±14.9 230±11.4 
(7 weeks old) 
Food Make 18.0t3.5 18.5±3.8 17.5±4.0 18.2l4.3 17.0±4.3 
(g/day) 
*Data are expressed as mean 士 SD of n=10 samples. 
"Five groups of rats were fed: Diet A: 15% PHCO; Diet D: 15% PHCO + 0.25% 
energy of 18:2n-6; Diet E: 15% PHCO + 0.50% energy of 18:2n-6; Diet F: 15% + 
1.25% energy ofl8:2n-6; Diet C: 15% CO. 
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Table 6.2 Fatty acid balance in rats fed Diet A*a. 
Fatty acid Day 0 Day 22 Total intake Accumulation Net change^ 
(5^g) (mg) M ( E ^ 
Sum Saturated 1454±214 4160±617 7309 2705 -63.0 
Monounsaturated 
16:lA9c 84±14 355±71 111 271 144.69 
16:lA7c 17±3 83±9 0 66 3.01 
18:lA9c 953±154 9200±1397 28887 8247 -70.46 
Sum other l8 : lc 109±19 1103±254 4125 993 -15.91 
2 0 : l A l l c 20±2 94±10 538 74 -86.25 
n-9 PUFA 
20:3n-9 5±1 218±67 0 213 9.66 
n-6 PUFA 
18:2n-6 760±100 779±118 1016 18 -43.51 
20:2n-6 18±2 15±3 162 -3 -101.89 
20:3n-6 23±3 36±10 0 14 0.62 
20:4n-6 221±41 734±104 0 513 23.34 
22:4n-6 15±2 15±2 0 0 0.00 
22:5n-6 1±0 45±14 0 43 1.97 
Sumn-6 PUFA 277±47 833±125 162 556 17.89 
n-3 PUFA 
18:3n-3 41±7 77+27 ND 36 ND 
20:5n-3 31±3 45±9 0 14 0.65 
22:5n-3 46±7 25±4 0 -21 ND 
22:6n-3 182±39 289±34 0 106 4.84 
Sumn-3 PUFA 259±48 350±39 0 90 4.11 
Trans fatty acids 
16:lA7t 6±1 14±5 0 7 0.34 
18:lt 39±22 2394±366 13150 2355 -82.09 
18:2A9t,12t 0±0 29±2 162 29 -81.93 
18:2A9c,13t 1±2 201t42 807 200 -75.19 
18:2A9c,12t 4±1 147±31 629 143 -77.23 
18:2A9t,12c 4±1 169±28 767 165 -78.44 
Sum 18:2t ^ 519±100 2365 ^ -78.42 
*Data are expressed as mean 土 SD of n=10 samples. 
'Die tA: 15% PHCO. 
b Data with negative sign represent oxidation (%) of fatty acid; those having no sign represent the net 
accumulation of fatty acid per rat per day(mgy'rat/day). ND, Not determined. 
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Table 6.2 Fatty acid balance in rats fed Diet A*a. 
Fatty acid DayO D a y 2 2 Total intake Accumulation Net change^ 
(^g ) (mg) ( ^ (mg) 
Sum Saturated 1454±214 4612±822 7482 3158 -57.79 
Monounsaturated 
16:lA9c 84±14 410±109 118 326 4.41 
16:lA7c 17±3 114±23 0 97 176.40 
18:lA9c 9 5 3 t l 5 4 11317±2566 29445 10364 -64.02 
Sum other 18:1c 109±19 1417±274 4166 1308 -68.60 
2 0 : l A l l c 20±2 110±20 536 90 -83.15 
n-9 PUFA 
20:3n-9 5士1 145士29 0 140 6.36 
n-6 PUFA 
18:2n-6 760±100 9 3 9 t l 6 6 1674 179 4 2 . 6 0 
20:2n-6 18±2 14±1 187 -3 -101.83 
20:3n-6 23±3 35±7 0 13 0.58 
20:4n-6 221±41 915±151 0 694 31.54 
22:4n-6 15±2 23±4 0 8 0.37 
22:5n-6 1±0 78±26 0 11 3.48 
S u m n - 6 P U F A 277±47 1059±182 187 782 318.22 
n-3 PUFA 
18:3n-3 41±7 76±14 ND 35 ND 
20:5n-3 31±3 43±10 0 12 0.54 
22:5n-3 46±7 23±4 0 -23 ND 
22:6n-3 182+39 278+39 0 96 4.35 
Sumn-3PUFA 259±48 333±46 0 74 3.35 
Trans fatty acids 
16:lA7t 6±1 22±8 0 15 0.70 
18:lt 39±22 2928±58 13400 2889 -78.44 
18:2A9t,12t 0±0 17±21 154 17 _89.06 
18:2A9c,13t 1±2 265±65 813 264 -67.47 
18:2A9c,12t 4±1 193±49 634 189 -70.21 
18:2A9t,12c 4±1 209±45 784 205 -73.89 
Sum 18:2t 9 ^ 668±159 ^ ^ -72.35 
*Data are expressed as mean 土 SD of n=10 samples, 
a Diet D: 15% PHCO + 0.25% energy 18:2n-6. 
b Data with negative sign represent oxidation (%) of fatty acid; those having no sign represent the 
net accumulation of fatty acid per rat per day(mg/raty'day). ND, Not determined. 
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Table 6.2 Fatty acid balance in rats fed Diet A*a. 
Fatty acid Day 0 Day 22 Total intake Accumulation Net 
( ^ (^g) (mg) (^g) changeb 
Sum Saturated 1454±214 4367±794 7035 2913 -58.60 
Monounsaturated 
16:lA9c 84±14 379±81 103 295 187.57 
16:lA7c 17±3 94±19 0 77 3.52 
18:lA9c 953±154 9843t2048 28232 8890 -67.84 
Sum other l8 : lc 109±19 1271±261 4064 1162 -71.42 
2 0 : l A l l c 20±2 1 0 7 t l 6 579 87 -84.94 
n-9 PUFA 
20:3n-9 5±1 108±28 0 103 4.67 
n-6 PUFA 
18:2n-6 760±100 1026±180 2103 266 -47.36 
20:2n-6 18±2 13±3 170 -5 -102.78 
20:3n-6 23±3 36±5 0 13 0.59 
20:4n-6 221±41 963±135 0 742 33.74 
22:4n-6 15±2 26±5 0 12 0.52 
22:5n-6 1±0 80±34 0 79 3.60 
Sumn-6PUFA 277±47 11191175 170 841 395.87 
n-3 PUFA 
18:3n-3 41±7 71±10 ND 30 ND 
20:5n-3 31±3 41±14 0 11 0.48 
22:5n-3 46±7 8±1 0 -38 ND 
22:6n-3 182±39 260±29 0 77 3.52 
Sum n-3 PUFA 259±48 310±38 0 51 2.30 
Trans fatty acids 
16:lA7t 6±1 17±4 0 11 0.51 
18:lt 39±22 2591±516 13005 2552 -80.38 
18:2A9t,12t 0±0 25±21 134 25 -81.02 
18:2A9c,13t 1±1 226±51 750 225 -69.99 
18:2A9c,12t 4±1 169±36 592 166 -72.04 
18:2A9t,12c 4±1 184±41 734 180 -75.52 
Suml8:2t 9 ^ 581±128 ^ 572 -74.11 
*Data are expressed as mean 土 SD ofn=10 samples, 
a Diet E: 15% PHCO + 0.50% energy of 18:2n-6. 
b Data with negative sign represent oxidation (%) of fatty acid; those having no sign represent 
the net accumulation of fatty acid per rat per day(mg/rat/day). ND, Not determined. 
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Table 6.2 Fatty acid balance in rats fed Diet A*a. 
Fatty acid DayO Day22 Total intake Accmnuktion Net 
(^g) (^g) (^g) (^g) changeb 
Sum Saturated 1454±214 4302+852 6939 2848 -58.96 
Monounsaturated 
16:lA9c 84±14 359±128 100 275 175.38 
16:lA7c 17±3 86±17 0 69 3.14 
18:lA9c 952±154 936912043 28026 8417 -69.50 
Sum otherl8:lc 109±19 1228i247 4085 1119 -72.60 
20:lAllc 20±2 110±15 520 90 -82.72 
n-9 PUFA 
20:3n-9 5±1 49±31 0 43 1.97 
n-6 PUFA 
18:2n-6 760±100 1349±226 3541 589 -52.22 
20:2n-6 18±2 16±3 168 -1 -100.76 
20:3n-6 23±3 31±8 0 8 0.37 
20:4n-6 221±41 1181±119 0 960 43.65 
22:4n-6 15±2 43±9 0 28 1.29 
22:5n-6 1±0 107129 0 106 4.83 
Sumn-6PUFA 277±47 1380il56 168 1102 556.93 
n-3 PUFA 
18:3n-3 41±7 72±12 ND 31 ND 
20:5n-3 31±3 39±12 0 8 0.36 
22:5n-3 46±7 26±2 0 -20 ND 
22:6n-3 182±39 252±31 0 70 3.18 
Sumn-3 PUFA 259±48 304±34 0 44 2.02 
Trans fatty acids 
16:lA7t 3±1 16士4 0 10 0.44 
18:lt 39±22 2608+484 12663 2569 -79.71 
18:2A9t,12t 0±0 14±17 156 14 -90.83 
18:2A9c,13t 1±2 209±56 767 208 -72.93 
18:2A9c,12t 4±1 147±59 600 143 -76.09 
18:2A9t,12c 4±1 175+42 739 171 -76.86 
Sum 18:2t 9_^ 533±158 2262 524 -76.84 
*Data are expressed as mean 士 SD ofn=10 samples, 
a Diet F: 15% PHCO + 1.25% energy of 18:2n-6. 
b Data with negative sign represent oxidation (%) of fatty acid; those having no sign represent 
the net accumulation of fatty acid per rat per day(mgA*atMay). ND, Not determined. 
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Table 6.2 Fatty acid balance in rats fed Diet A*a. 
Fatty acid Day 0 Day 22 Total intake Accumulation Net 
(^g) (^g) M (E i ) changeb 
Sum Saturated 1454±213 4789+747 4604 3335 -27.56 
Monounsaturated 
16:lA9c 83±13 353±86 149 269 80.32 
16:lA7c 16±2 118±22 0 101 4.63 
18:lA9c 952tl53 9406tl826 31215 8454 -72.18 
Sum otherl8:lc 109±18 689dbll2 1842 579 -68.52 
20: lAl lc 1062±172 1009611935 33058 9034 -72.67 
n-9 PUFA 
20:3n-9 5±0 10±1 0 5.47 0.25 
n-6 PUFA 
18:2n-6 760+99 3432±645 11547 2672 -67.12 
20:2n-6 17±2 53+16 0 36 1.64 
20:3n-6 22土40 37±5 0 14 0.66 
20:4n-6 220±40 1282±179 0 1061 48.26 
22:4n-6 14±1 30±3 0 16 0.74 
22:5n-6 1±0 0士0 0 -1 -0.05 
Smnn-6PUFA 277±47 1401+189 0 1124 51.11 
n-3 PUFA 
18:3n-3 41±7 8021179 4062 761 -70.90 
20:5n-3 30±3 64±12 0 33 1.50 
22:5n-3 46±7 9713 0 51 2.34 
22:6n-3 182±48 476±60 0 294 13.37 
Sumn-3 PUFA 259±48 680±94 0 4 ^ 19.15 
*Data are expressed as mean 土 SD ofn=10 samples. 
'DietC: 15%C0. 
b Data with negative sign represent oxidation (%) of fatty acid; those having no sign represent the net 
accumulation of fatty acid per rat per day(mgy^rat/day). 
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data was calculated as Eq.2 and presented as percentage of the total dietary intake of 
fatty acids during feeding. From this equation, a negative sign implied that such 
fatty acids was being oxidized and a positive value meant that it was accumulated in 
carcass lipids. 
Accumulation (mg/rat/day) = (Final - Mtial)/days 胸 . 1 ) 
Apparent Oxidation % = - (Make - Accumulation - products in desaturation 
and elongation pathway)/Litake x 100 OEq.2) 
6.4.1 Apparent oxidation of saturated fatty acids 
The apparent oxidation of saturated fatty acids in PHCO fed groups was 
higher than that of CO group. About 63.0% and 27.6% of the saturated fatty acids 
including only 16:0 and 18:0 were apparently oxidized in those PHCO and CO diet 
fed rats, respectively. 
6.4.2 Apparent oxidation of 18:lt relative to 18:ln-9 
The apparent oxidation could reflect the utilization of the trans fatty acids. 
In the PHCO diet fed rats, 82.9% of the dietary 18:lt was oxidized (Table 6.2). 
However, the apparent oxidation of 18:ln-9 was 70.5% in which the value was 
adjusted for synthesis of n-9 long chain product, such as 20:3n-9, from 18:ln-9. It 
seemed that 18:lt was more readily oxidized than that of 18:ln-9. 
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6.4.3 Oxidation of I8:2t isomers relative to 18:2n-6 
The apparent oxidation of 18:2t isomers ranged from 72.4% to 78.4% which 
was much higher than 18:2n-6 (Table 6.2-6.5). Since only trace amount of 18:3n-3 
was detected in the diet, the intake of 18:3n-3 could not be measured neither the 
apparent oxidation of this fatty acid in the rats fed PHCO diet. 
6.4.4 Effect of I8:2n-6 supplement in PHCO diet on oxidation per se 
CO diet was a reference diet which contained sufficient amount of 18:2n-6 
and 18:3n-3 (Table 6.6). After adjusting the amount for the synthesis of their 
longer chain products, the apparent oxidation was 67.1% for 18:2n-6 and 70.9% for 
18:3n-3 in CO diet fed rats. Also, it should be noted that trace amount of 18:2t 
isomers was also found in CO diet. The extent of oxidation was similar to that of 
PHCO diet fed rats. 
Comparing the data between CO (Diet C) and PHCO groups(Diet A, D, E 
and F), it was found that 18:2n-6 was more readily oxidized in CO group than that 
in PHCO groups. Jn contrast, excluding 18:ln-9, trans fatty acid and saturated fatty 
acids were most readily oxidized among all fatty acids in PHCO group. Therefore, 
trans fatty acids and saturated fatty acids were oxidized whenever they were 
abundant. Li contrast, when 18:2n-6 and 18:3n-3 were sufficient, they were 
preferentially oxidized. It could also be demonstrated by the 18:2n-6 supplement 
groups. The percentage of oxidation of 18:2n-6 was increased as the amount of 
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18:2n-6 in the diets. However, no change in the percentage of oxidation of 18:lt 
was found among these 18:2n-6 supplemented diets. 
6.5 Discussion 
The objective ofthe present study was to measure the apparent oxidation of 
trans fatty acids relative to other fatty acids. Whole body fatty acid balance was 
employed to measure oxidation of trans fatty acids and 18:2n-6 instead of in vitro 
radiolabeled technique in the present study. Since trans fatty acids cannot be 
synthesized by mammals, the apparent oxidation can be simply determined by their 
intake and accumulation in animals (Chen and Cunnane, 1993; Yang et al., 1994; 
Chen et al., 1996). 
L i fact, in vitro studies usually measured the oxidation of trans fatty acids 
only in a very short period of time. There were discrepancies in oxidation rates of 
trans fatty acids in different tissues or cell free preparations. The experimental 
design may also give rise to variable results. For example, P-oxidation could only 
account for partial oxidation of fatty acids. Peroxisomal oxidation could be 
responsible up to 50% of fatty acids oxidation in liver (Osmunden, 1982). 
Meanwhile, oxidation was increased in rats fed by hydrogenated oils and trans fatty 
acids (Norseth，1979; Ishii et al.，1980). Underestimation might occur i f only P_ 
oxidation of fatty acids was measured. Therefore, these information might not 
directly extrapolate to the actual oxidation of trans fatty acids in intact body. Thus, 
whole body fatty acid balance may be the choice to reflect a long term in vivo 
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oxidation of trans fatty acids. However, the whole body fatty acid balance 
technique may not be applicable to those fatty acids which can be de novo 
synthesized. For example, synthesis of 18:ln-9 from saturated fatty acids such as 
16:0 could not be revealed by this technique. 
6.5.1 Oxidation of 18:lt and 18:2t isomers 
Li this study, the apparent oxidation of saturated and monounsaturated fatty 
acids was expressed as percentage of dietary intake of these fatty acids regardless of 
factors ofde novo synthesis. Lti contrast to the apparent oxidation o f l8 : ln -9 (64%-
73%), 78%-82% ofdietary 18:lt was apparently oxidized in rats fed with Diet A, D, 
E and F. This was in disagreement with the results obtained by Lawson and 
Holman (1981) and Lanser et al. (1986), but it was in agreement with that ofEmken 
et al. (1985) who showed that deuterium labeled 18:lt were removed more rapidly 
than oleic acid fi:om human plasma triacylglycerol. 
The conflicting results of in vitro oxidation rate of trans fatty acids may be 
due to specific metabolic activities of different tissues towards fatty acid isomers. 
For example, the results obtained in isolated rat liver were different from that in rat 
heart homogenates (Menon and Dhopeshwarkar, 1983; Ide and Sugano, 1984). 
Moreover, different species may also yield different results. It has been 
demonstrated that the oxidation of 18:lt and 18:ln-9 was about equal in human 
heart homogenates but it was slower for 18:lt in rat heart homogenates (Lanser et 
aL, 1986). 
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The present data showed that whole body 18:2t isomers had higher 
percentage of oxidation than 18:2n-6. L i fact, study of oxidation 18:2t isomers and 
their cis counterpart in isolated rat liver also showed that the former were more 
readily oxidized (Ide and Sugano, 1984). 
Although 18:lt and 18:2t was found to be oxidized more readily than the cis 
counterparts in the present study, the mechanism behind remains unclear. It is well 
known that P-oxidation of polyunsaturated fatty acids with even or odd number of 
double bonds requires an additional steps to convert the double bond from a cis to 
trans configuration by the auxiliary enzymes such as enoyl-CoA hydratase, 
isomerase and epimerase . For example, the in p-oxidation of 18:ln-9, the 
configuration of double bond must be converted from cis to trans in order to allow 
further P-oxidation cycles to proceed QEmken, 1984). Theoretically, trans fatty 
acids would be oxidized more readily than that of cis fatty acids since they can 
bypass the step of converting cis double bonds to trans double bonds. 
6.5.2 Effect of 18:2n-6 supplement on oxidation per se 
One of the objectives for supplementing 18:2n-6 to PHCO diet was to 
investigate the effect of supplement on oxidation of 18:2n-6 and trans fatty acids. 
No effect was found on the apparent oxidation of 18:lt among all 18:2n-6 
supplemented diets. Therefore, it is suggested that supplementing 18:2n-6 to PHCO 
diet wi l l not cause any prolong retention of trans fatty acids in rat. Rather, an 
increase in absolute amount and percentage of oxidation of 18:2n-6 was found, it 
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b ^ . ^ _ ^ ^ _ ^ ^ _ _ ^ _ 
increased from 45.4 to 134.2mg/day (43.5% to 52.2%). t i the presence of sufficient 
18:2n-6 (CO diet); the actual amount of oxidation was 403.4mg/day (67.1%). 
However, the intake ofl8:2n-6 was more than 10 times to that ofPHCO diets. This 
finding contradicts to the general belief that 18:2n-6 is markedly conserved by rapid 
incorporation into tissue and synthesis of 20:4 through desaturation and elongation 
pathway (Adam et al., 1986; Lands et al., 1990). 
6.6 Conclusion 
This was the first report to demonstrate 18:lt and 18:2t isomers are more 
readily oxidized than the cis counterparts by using whole body fatty acid balance 
technique. Trans fatty acids are expected to be an better substrate than cis fatty 
acids for P-oxidation system. 
141 
General Conclusion 
The dietary habits ofHong Kong teenagers are moving towards a Westem 
style. The first part ofthis study was to measure the content of trans fatty acids in 
Hong Kong fast foods and to monitor the level of trans fatty acids in breast milk 
of Hong Kong Chinese relative to that in Chongqing Chinese and Canadian. The 
data showed that a large amount of trans fatty acids was present in Hong Kong 
fast foods, indicating the use of partially hydrogenated vegetable oils in Hong 
Kong. The relatively higher level of trans fatty acids detected in breast miDc of 
Hong Kong Chinese than that in Chongqing Chinese may reflect the partial 
westernization of dietary habit in Hong Kong. 
The major objective of this project was to examine the inhibitory effects of 
trans fatty acids on neonatal essential fatty acid metabolism. Li general, the 
results indicate that dietary trans fatty acids exhibit the inhibitory effect on 
essential fatty acid metabolism during fetaVneonatal development. This was best 
illustrated by the facts: 1) an inverse correlation was found between dietary trans 
fatty acids and 18:2n-6 in milk; and 2) an inverse relationship was also observed 
between 20:4n-6 in both matemal and neonatal liver phospholipids and dietary 
trans fatty acids. It is concluded that dietary trans fatty acids would produce 
adverse effect on essential fatty acid metabolism i f the intake of 18:2n-6 is 
marginal and insufficient in matemal diet. 
Dietary 18:2 c,t isomers can be chain-elongated and desaturated to form 
unusual 20:4 trans isomers depending on the level of dietary 18:2n-6. The present 
142 
study was also undertaken to determine the minimum amount of 18:2n-6 required 
to suppress the chain-elongation and desaturation of 20:4 trans isomers in the 
lactating and neonatal rats when animals were fed diets containing 15% partially 
hydrogenated canola oil with varying level of 18:2n-6 supplement (0.8% to 2.5% 
total energy). Two unusual 20:4 trans isomers were identified as 20:4A5c，8c，llc, 
14t and 20:4A5c,8c,llc,15t, which were derived from 18:2A9c,12t and 
18:2A9c,13t, respectively. The results showed that 18:2n-6 at about 2.0% of total 
energy in matemal diet was required to block the production of these 20:4 trans 
isomers in matemal rats whereas 18:2n-6 at about 2.5% of total energy in matemal 
diets was needed to suppress the formation of 20:4A5c,8c,llc,14t and 
20:4A5c,8c,llc,15t in neonatal liver. 
The objective of the present study was also extended to examine the tissue 
accumulation and turnover rate of individual trans fatty acids in rats. This was 
accomplished by cross-over feeding of a /ra/7^-fatty acid-free diet and a trans fatty 
acid-containing diet for 11 weeks. It was found that the half life o f l 8 : l trans fatty 
acids in adipose tissue and liver was 16 days and 20 days, respectively. L i contrast, 
18:1 trans fatty acids took about 20 days to reach a saturation level in liver 
whereas they took about 34 days in adipose tissue. Among 18:2 trans isomers, 
18:2A9c,12t appeared to incorporate more efficiently than 18:2A9c,13t and 
18:2A9t,12c in both liver and adipose tissue. Lti addition, the results of the present 
study using AgNO3-TLC technique confirmed that 18:1 trans isomers could 
incorporate in brain phospholipids although their incorporation was quantitatively 
minor. 
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Little is known about their proportional allocation between accumulation 
and apparent oxidation despite several decades of research on trans fatty acids. 
The present study was also attempted to measure the apparent oxidation of 18:1 
trans and 18:2 trans fatty acids relative to their corresponding cis fatty acids using 
whole body fatty acid balance technique. The data were the first time to 
demonstrate that 18:1 trans and 18:2 trans isomers were oxidized more rapidly 
than their cis fatty acids in whole body. 
Li conclusion, the inhibitory effect of trans fatty acids in matemal diets 
was largely determined by the level of 18:2n-6 in matemal diet. The major 
fmding of present study was the first report to demonstrate that neonatal rats had 
higher requirement of 18:2n-6 than that of adult rats when large amount of trans 
fatty acids together with low level ofl8:2n-6 was in the diet. 
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